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II. INTRODUCTION

Data from OGO satellites have provided new
knowledge concerning the solar wind, the near-
interplanetary environment, the bow shock, the
transition region, the magnetopause, the magnetotail,
the radiation beits, the plasmasphere, the terrestrial
magnetic fields, the auroral regions, and the upper
- atmosphere. The OGO data acquisition period,
which extended from September 1964 to June 1971,
encompassed a complete range of solar activity and

a time interval when other| satellites such | as| IMPsj
. B-G, ATS|1& 3, and INJUN 4 & 5 were measuring
similar phenomena throughout the magnetosphere and
interplanetary medium near the Earth. The extremely
high data rate of OGO allowed measurement of
various processes on a time scale previously unavailable
for space experiments. All of these factors contributed
to the extensive role which OGO data have played
in our understanding of the near-Earth environment.

Although there coatinue to be articles appearing
in the published literature concerning OGO, the
majority of them have been written, particularly for
OGOs 1-4, and one is now able to take a measure
of the accomplishments of this program. Since the
" OGOs were in many ways the most complex scientific
spacecraft ever attempted by NASA, it is not surprising
that some of the scientific objectives were not achieved
on the earlier missions. All OGOs, however, yielded
useful results from at least one half of their experiments
and at least 96 of the 132 OGO experiments can be
considered successful. There has been an average of |
3.3 papers per OGO experiment in refereed journals. ‘
Some additional interesting statistical data pertaining .
to the literature will be discussed later. . ‘

-

In the following section of this document an
overview of the OGO program is presented which
provides a discussion of the objectives, the relationships
to other programs, spacecraft major characteristics, |
typical orbits and mission profiles, technological
accomplishments, as well as the scientific results of
OGOs 1-4. (Since many research papers based upon
OGOs 5 and 6 continue to appear in the literature,
the scientific results of OGOs 5 and 6 will be presented
as a supplement to this Program Summary.) Brief
descriptions of the six OGO spacecraft and of the
experiments on each are given in Section IV which

includes statements concerning flight performance from
which one can appraise the potential success of each
spacecraft and experiment. This section is ordered
by spacecraft and last name of the principal investiga-
tors of the experiments.

In order to provide some measure of final ac-
complishment and to provide the interested reader
with more extensive details, a bibliography for each
spacecraft and for each experiment is identified in
that section. Because a large number of the cited
documents are concerned with more than one OGO
experiment or spacecraft, the actual citations and
abstracts are provided in accession order in Section
VL. The documents are identified by their A, N, or
B acccssion numbers. These numbers are explained
in the beginning of Section VI. Since the Spacecraft
and Experiments Characteristics section provides
identification and affiliation of project and experiment

- personnel as well as common names, other names

and identification numbers of individual spacecraft and
experiments, an index section directly follows the
Characteristics section. The personnel affiliations given
are those at the main phase of the program, not current
affiliations. There are three experiment indexes: the
first is ordered by spacecraft name and principal
investigator last name, the second gives original
institution of the principal investigator, and the last
gives principal and co-investigator names.

NSSDC maintains a computerized file on all
spacecraft and experiments known as its Automated
Internal Management File. All of the information
presented in Section IV, with the exception of the
bibliographies, were extracted from this file. Many
other characteristics of spacecraft, experiments, and
data obtained by them exist in this file. Two major,
periodic publications of NSSDC, Report on Active and
Planned Spacecraft and Experiments and the Data
Catalog of Spacecraft Experiments are produced
directly from the AIM file. Any one interested in
obtaining more information on these documents and
other Data Center publications should request NSSDC
and WDC-A-R&S Document Availability and Distribu-
tion Services (NSSDC 74-10) by writing to:

Code 601
Goddard Space Flight Center
Greenbelt, Maryland 20771

In Section III the experiments are identified by
the project number. NSSDC uses an identification
number that is based on the spacecraft international
designation assigned on behalf of COSPAR by the
IUWDS World Warning Agency for Satellites. To
assist readers in translating between the project
number, NSSDC-ID, and the principal investigator
last name, Tables II-1 through 11-4 are provided. Since
the experiments on OGO 1 and OGO 3 were nearly

11-1
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OGO 1 Experiments

Project No.
A-01
A-02
A-03
A-04
A-05
A-06

A-07
A-08

A-09(P)
A-09(P)
A-10
A-11
@ -
A-13
A-14

A-15
A-i6
A-17
A-18
A-19
A-20

NSSDC ID
64-054A-12
64-054A-13
64-054A-14
64-054A-15
64-054A-16
64-054A-17

64-054A-18
64-054A-19

64-054A-20
64-054A-21
64-054A-01
64-054A-02
64-054A-03
64-054A-04
64-054A-05

64-054A-06
64-054A-07
64-054A-08
64-054A-09
64-054A-10
64-054A-11

Principal Investigator
Anderson, K.A.
Wolfe, J. H.
Bridge, H. S.
Cline, T. L.
Konradi, A.
McDonald, F. B.
Evans, D.S.
Simpson, J. A.
Van Allen, J. A.
Frank, L. A. (1)
Winckler, J. R.
Winckler, J. R.
Smith, E. J.
Heppner, J. P.
Sagalyn, R. C.
Whipple, E. C.
Hargreaves, J. K.(2)
Fritz, R. B.(3)
Taylor, H. A.. Jr.
Bohn, J. L.(4)
Helliwell. R. A.
Haddock, F. T.
Mange, P. W.
Wolff, C. L.

(1) J. A. Van Allen, Univ. of lowa, was original Pl

(2) R.S. Lawrence, ESSA-Boulder, was original Pl

(3) J. K. Hargreaves, ESSA-Boulder, was original Pl
(4) W. M. Alexander, GSFC, was original Pl

(P) Part of

-2

TABLE Il-1

Institution

U of California, Berkeley

ARC

MIT

GSFC

GSFC

GSFC

GSFC

U of Chicago
SuUl

sSul

U of Minnesota

U of Minnesota

JPL

GSFC
AFCRL
ESSA-Boulder
ESSA-Boulder
ESSA-Boulder
GSFC
Tempie U
Stanford U

U of Michigan
NRL

GSFC

OGO 3 Experiments

Project No.

B-01
B-02
B-03
B-04
B-05
B-06(P)
B-06(P)
B-07

B-08
B-09(P)
B-09(P)
B-10
B-11
B-12
B-13

B-14
B-15
B-16
B-17
B-18
B-19
B-20

NSSDC ID
66-049A-01
66-049A-05
66-049A-06
66-049A-04
66-049A-10
66-049A-02
66-049A-07
66-049A-03

66-049A-08
66-049A-23
66-049A-22
66-049A-12
66-049A-11
66-049A-13
66-0495A-14

66-049A-16
66-049A-15
66-049A-21
66-049A-17
66-049A-18
66-049A-19
66-049A-20
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OGO 2 Experiments

Project No.
C-01(P)
C-01(P)
C-02
Cc-03
C-05
C-06
C-07
C-08
C-09
C-10
C-11
C-12
C-13
C-14
C-15
C-16
C-17
C-18
c-19

C-20

[

»

-
_~L

\SSDC ID
65-081A-01
65-081A-21
65-081A-02
65-081A-03
65-081A-04
65-081A-05
65-081A-06
65-081A-07
65-081A-08
65-081A-18
65-081A-09
65-081A-10
65-081 /‘\‘ I
65-081A-12
65-081A-13
65-081A-15
65-081A-20
65-081A-14
65-081A-19

65-081A-17

65-081A-16

Principal Investigator
Haddock, F. T.
Haddock, F. T.
Helliwell, R. A.
Morgan, M. G.
Smith, E. J.
Cain, J. C.
Anderson, H. R.
Simpson, J. A.
Webber, W. R.
Van Allen, J. A.
Hoffman, R. A.
Reed, E. I.
Mange, P. W.
Barth, C. A.
Jones, L. M.
Taylor, H. A.
Newton, G. P.
Nilsson, C. S.
Donley, J. L.(1)
Chandra, S.(2)
Hinteregger, H. E.
Kreplin, R. W.

(1) R. E. Bourdeau, GSFC, was original Pl
(2y J. L. Donley, GSFC, was original PI

(P) Part of

TABLE 11-2

Institution

U of Michigan .
U of Michigan
Stanford U
Dartmouth College
JPL

GSFC

Rice U

U of Chicago
U of Minnesota
SuUl

GSFC

GSFC

NRL

U of Colorado
U of Michigan
GSFC

GSFC

SAO

GSFC

GSFC

AFCRL

NRL

OGO 4 Experiments

Project No.

D-01

D-02
D-03
D-05
D-06
D-07
D-08
D-09
D-10
D-11
D-12
D-13
D-14
D-15
D-16
D-17
D-18

D-i9
D-20
D-21

NSSDC ID
67-073A-01

67-073A-02
67-073A-03
67-073A-05
67-073A-06
67-073A-07
67-073A-08
67-073A-09
67-073A-10
67-073A-11
67-073A-12
67-073A-13
67-073A-14
67-073A-15
67-073A-16
67-073A-17
67-073A-18

67-073A-19
67-073A-20

67-073A-21

11-3

‘0l "AoN

74



Project No.
E-01
E-02
E-03
E-04
E-05
E-06
E-07
E-08
E-09
E-10
E-11
E-12
E-13
E-14
E-15

. E-16
E-17
E-18
E-20
E-21
E-22
E-23
E-24

. E-26
E-27

-4

NSSDC ID
68-014A-01
68-014A-02
68-014A-03
68-014A-04
68-014A-05
68-014A-06
68-014A-07
68-014A-08
68-014A-09
68-014A-10
68-014A-11
68-014A-12
68-014A-13
68-014A-14
68-014A-15
68-014A-16
68-014A-17
68-014A-18
68-014A-20
68-014A-21
68-014A-22
68-014A-23
68-014A-24
68-014A-26
68-014A-27

TABLE 11-3
OGO S Experiments

Principal Investigator
Boyd, R. L. F.
Sagalyn, R. C.
Serbu, G. P.
Anderson, K. A.
Cline, T. L.

West, H. L., Jr.
Frank, L. A.
Hutchinson, G. W,
Meyer, P.
McDonald, F. B.
Ogilvie, K. W.

Van De Hulst, H. C.

Coleman, P. J., Jr.
Coleman, P. J., Jr.
Heppner, J. P.
Smith, E. J.
Snyder, C. W.
Sharp, G. W.
Haddock, F. T.
Thomas, G. E.
Blamont, J. E.
Kreplin, R. W.
Crook, G. M.
Aggson, T. L.
Simpson, J. A.

Institution

U College London
AFCRL

GSFC

U of California, Berkeley
GSFC

LRL

SUI

U of Southampton
U of Chicago
GSFC

GSFC
Netherlands Inst
UCLA

UCLA

GSFC

JPL

JPL

Lockheed

U of Michigan

U of Colorado
CNES, France
NRL

TRW

GSFC:

U of Chicago

‘Ol °AON
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Project No.
F-01
F-02
F-03
F-04
F-05
F-06
F-07
F-08
F-09
F-10
F-11
F-12
F-13
F-14
F-15
F-16
F-17
F-18
F-19
F-20
F-21
F-22
F-23
F-24
F-25
F-26

(1) R. A. Pickett, GSFC, was original PI

NSSDC ID
69-051A-01
69-051A-02
69-051A-03
69-051A-04
69-051A-05
69-051A-06
69-051A-07
69-051A-08
69-051A-09
69-051A-10
69-051A-11
69-051A-12
69-051A-13
69-051A-14
69-051A-15
69-051A-16
69-051A-17
69-051A-18
69-051A-19
69-051A-20
69-051A-21
69-051A-22
69-051A-23
69-051A-24
69-051A-25
69-051A-26

TABLE 114
OGO 6 Experiments.

Principal Investigator

Sharp. G. W.
Nagy, A. F.
Hanson, W. B.
Reber, C. A.
Taylor, H. A, Jr.(1)
Hanson, W. B.
McKeown, D.
Kreplin, R. W,
Bedo, D. E.
Regener, V. H.
Blamont, J. E.
Clark, M. A.
Barth, C. A.
Blamont, J. E.
Evans, D. S.
Farley, T. A.
Williams, D. J.
Lockwood, J. A.
Masley, A. J.
Stone, E. C.
Cain, J. C.
Smith, E. J.
Aggson, T. L.
Heiiiweii, R. A.
Laaspere, T.
Donahue, T. M.

ya

Institution

Lockheed

U of Michigan

University of Texas, Dallas
GSFC

GSFC

University of Texas, Dallas
GD, San Diego

NRL

AFCRL

U of New Mexico

CNES, France
Aerospace Corp.
U of Colorado
CNES, France
GSFC *
UCLA C%
GSFC ‘

C/6L ‘/| Joqueseq

U of New Hampshire
MD

i

Cal Tech

GSFC .
JPL

GSFC

Stanford U

Dartmouth College

U of Pittsburgh



Project No. NSSDC ID
F-01 69-051A-01
F-02 69-051A-02
F-03 69-051A-03
F-04 69-051A-04
F-05 69-051A-05
F-06 69-051A-06
F-07 69-051A-07
F-08 69-051A-08
F-09 69-051A-09
F-10 69-051A-10
F-11 69-051A-11
F-12 69-051A-12
F-13 69-051A-13
F-14 69-051A-14
F-15 69-051A-15
F-16 69-051A-16
F-17 69-051A-17
F-18 69-051A-18
F-19 69-051A-19
F-20 69-051A-20
F-21 69-051A-21
F-22 69-051A-22
F-23 69-051A-23

F24 69-051A-24
F-25 69-051A-25
F-26 69-051A-26

(1) R. A. Pickett, GSFC, was original Pl

7 TABLE II-4
' OGO 6 Experiment 51,

|

l;ﬁn@al Investigator

Sharp. G. W,
Nagy, A. F.
Hanson, W B.
Reber, C. A.
Taylor, H. A,, Ir(])
Hanson, W. B.
McKeown, D.
Kreplin, R. W.
Bedo, D. E.
Regener, V. H.
Blamont, J. E.
Clark, M. A.
Barth, C. A.
Blamont, J. E.
Evans, D. S.
Farley, T. A.
Williams, D. J.
Lockwood, J. A.
Masley, AL J.
Stone, E. C.
Cain, J. C.
Smith, E. J.
Aggson, T. L.
Helliwell, R. AL
Laaspere, T.
Donahue, T. M.

Institution

Lockheed

U of Michigan
University of Texas, Dallas
GSFC

GSFC

University of Texas, Dallas
GD, San Diego

NRL

AFCRL

U of New Mexico
CNES, France
Aerospace Corp.

U of Colorado
CNES, France
GSFC

UCLA

GSFC

U of New Hampshire
MD

Cal Tech

GSFC

JPL

GSFC

Stanford U
Dartmouth College
U of Pittsburgh
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INTRODUCTION

identical and similarly on OGO 2 and OGO 4, these
pairs are shown together in Tables II-1 and II-2,
respectively. It should be noted that a few experiments

have been separated by NSSDC into two uniquely "

identified parts. This is done when the Data Center
recognizes that the data will be provided independently
for archival use and where many of the publications are
related only to the separate parts of that experiment.
In a few cases the original principal investigator
selected by NASA Headquarters was replaced. The
names shown in Tables II-1 through II-4 are the
investigators who served as principals throughout the
most important phases of each mission and the analysis
of the data. For these cases, the originally selected
Pls are given in footnotes. .

As discussed in the Foreword, the Data Center
maintains a computerized literature file which contains
fields for the identification of experiments discussed
in the document. This file is known as the Techni-
cal Reference File. Because the NASA Scientific and
Technical Information Facility maintains abstracts,
author affiliations, and contract or grant numbers,
these items are not present in the TRF. There is an
item or field in the TRF which classifies 2 document
for each associated experiment as to whether it was
written by: (a) peoplej associated with the principal
on other investigators directly connected with the
experiment, (b) scientists not directly associated with

_thejabove group, or (c) personnel under contract to

the principal investigator -- these contractors are
usually involved with the construction and/or calibra-
tion of the instruction or with certain phases of the
data analysis. In addition, this field also allows the
classification of the content of the article as to whether
it deals with the experiment or the data derived from
the experiment in a major or secondary manner.

In most scientific papers, the introduction discusses
previous work in the fields of interest and refers
implicitly or explicitly to other spacecraft experiment
results.  Such references do not merit secondary
recognition in the TRF classification scheme. Only
if data from experiments are used or discussed in
some explicit manner to support conclusions or to
compare with the data of the main experiments
presented in the paper are those experiments identified
and classified as secondary. In a general review article
where numerous experiments are mentioned, each such
experiment is classified as secondary.

In the bibliography portion of Section 1V, a two
letter code is used to classify the article. A first
letter P is used to denote the principal investigator
group, including other investigators associated formally
with the experiment although they may be in a
different institution from that of the PI. A first letter
O is used to denote all other authors except those
under contract to the PI. This latter group is denoted
by the two letter code PC, and it is a safe assumption

H-6

that such a paper will deal with the given experiment
in a major way. The major or secondary content
appears as the second letter M or S. Consequently,
the five classifications for the experiment papers are:
PM, PS, PC, OM, and OS. A similar classification
of spacecraft papers into these five categories is also
made. However, since the meaning is slightly different
in_this case, the explicit description of each appears
with each spacecraft /mission bibliography.

The classification of author type is straightforward
but the major or secondary classification is somewhat
subjective. In order to provide some measure of
consistency, only one person (JIV) has made this
classification for all the articles which appear in this
Summary. It is recognized that differences of opinion
may exist as to the secondary classification. It has
been our intent in so classifying the articles that the
less experienced reader can be guided to those papers
which clearly provide a major discussion of the given
experiment and the data obtained from it. It has

not been our intent to downgrade the implicit influence °

that another measurement may have had on the author
in reaching his conclusions.

In order to obtain as complete a bibliography as

possible for this OGO Summary, the following,
All articles in the TRF with

procedure was used.
identifiers for each of the six OGO spacecraft and its
associated experiments were printed out with author,
title, and citation. All articles in the three files 144,
STAR, and OSTARE (See Section VI) of the NASA
-system with keywords of the common name or alternate
names of the OGO spacecraft listed in Section 1V, as
well as the keyword ““Geophysical Observatories,” wcref
printed out. A comparison of these two printouts,
was made and missing articles were added ap-
propriately to both the NASA files and the NSSDC
TRF. The NASA accession numbers for each article\
were entered into the TRF. Similar comparisions'
were made at different times; the final such comparison |
was made with the printouts of July 1, 1974. In!
November 1974, a search on contract or granti
number on the NASA files produced about 15!
previously unidentified documents. i

Because of certain problems with older documents
for which NSSDC no longer possessed a hard copy
version, it was not possible to enter these into the
tNASA system. In addition, in attempting to include
!OGO—related preprints which were acquired by NSSDC
~after July 1, 1974, and previously identified preprints
which were published in journals or symposium
proceedings after this date, it was necessary to
identify these by the TRF accession number (B number)
if time had not permitted the assignment of a NASA
system number,

One other point should be clarified. A preprintg
_which_enters the NASA system will reccive an N
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INTRODUCTION

identical and similarly on OGO 2 and OGO 4, these
pairs are shown together in Tables U-1 and [1-2,
respectively. It should be noted that a few experiments
have been separated by NSSDC into two uniquely
‘ identified parts. This is done when the Data Center
recognizes that the data will be provided independently

: Jfor grchivahand where many of the publications are

wse related only'to the separate parts of that experiment.

In a few cases the original principal investigator

S{&' selected by NASA Headquarters was replaced. The

: 1*_ names shown in Tables II-1 through II-4 are the

p/ investigators who served as principals throughout the
: :.'b most important phases of each mission and the analysis
2 of the data.. For these cases, the originally selected
Pls are given in footnotes. ... . . - e

. subjective.

» As discussed in the” Foreword, the> Data’ Center
maintains a computerized literature file- which contains

cal Reference File. Because-the. NASA Scientific and

author=affiliations, .and ‘contract> orsgrantinumbers,
- these-items- are- not present in the-TRF+“There.is an
item or field in- the ETRE:which. classifies:a-document
- for each:associated experiment-as®to- whether it was
- written~by=i= (d) peoplefassociated; with=the: principal
™ On otherzi nvestigators.directly connected- with’ the
<. expenmenty’(b) scientists:not- directly-associated.:with
-, thej above:group, or=(c)Zperson neliunder’contract:to .
- the: principal -investigator=- thesezcontractors. are
usually involved with the.construction and/or calibra--
tion of:thel instructionsorzwith certaimr phases of the
~data analysis. : In addition,: this-fiéld also-allows. the
~ classification- of the content of the article as to-whether -
it deals<with the experiment or:the data’derived from
~ the experiment-in- a-majorzor secondary: manner. =

}

" fields. for the identification ‘of experiments discussed |-
in the document. This:file is known-as"the-Techni--|-

TechnicalsInformation<Facility~maintains:-abstracts; |

T - : A

e - .5 oA 2
; In most scientific papers; the introduction discusses.
; previous2work in thexfields.'of interest-and :refers.

. resultszzfSuch references do not=:merit: secondary.-
. if data ffom experimentstare used “or-discussed” in
some. explicit manner: to~support-conclusions or-to
compare .with the data:of the: main.experiments
presented in the paper are-those experiments identified
and classified as secondary. In a general review article
where numerous experiments are mentioned, each such
experiment is classified as-secondary. .. . . .

: In the bibliography portion-of Section 1V, a two

i letter code is used to-classify the-article. . A first -
letter P is used to denote the principal investigator
group, including other investigators associated formally
with the experiment although they may be in a
different institution from that of the P1.. A first letter
O is used to denote all other authors except those
under contract to the PL. This latter group is denoted
by the two letter code PC, and it is a safe assumption

-6

- TRF. The NASA accession numbers for each article
: implicitly®or explicitly toiother spacecraft experiment. .

. recognition-in the TRE;classificationscheme.=. Only." .

that such a paper will deal with the given experiment
in a major way. The major or seconduary content
appears as the second letter M or S.  Consequently,
the five classifications for the experiment papers are:
PM, PS, PC, OM, and OS. A similar classification
of spacecraft papers into these five categories is also
made. However, since the meaning is slightly different
in this case, the explicit description of each appears
with each spacecraft /mission bibliography.

The classification of author type is straightforward
but the major or secondary classification is somewhat
In order to provide some measure of
consistency, only one person (JIV) has made this
-classification for all the articles which appear in this
Summary. It is recognized that differences of opinion

' may. exist as to the secondary classification. [t has

been our.intent in-so classifying the articles that the

“less experienced reader can be guided to those papers
which clearly provide a major discussion of the given
experiment and the data obtained from it. It has
not been our intent to downgrade the implicit influence
that another measurement may have had on the author
in reaching his conclusions.

In order to obtain as complete a bibliography as:
- possible -for. this OGO Summary, the foliowing;
All articles in the TRF with ..
identifiers for each of the six OGO spacecraft and its.

procedure was used.

associated experiments were printed out with author,:
title, and citation. All articles in the three files TAA,,
STAR, and OSTARE (See Section VI) of the NASA
.System with keywords of the common name or alternate
names of the OGO spacecraft listed in Section 1V, as
well as the keyword “Geophysical Observatories,” were
printed out. A comparison of these two printouts
was made and missing articles were- added ap-
‘propriately to both the NASA files and the NSSDC

‘were entered into the TRF. - Similar comparisions
were made at different times; the final such comparison ’

. was-made with the printouts of July 1, 1974. In}

November 1974, a search on-contract Oorf granti

- number on the NASA files produced about 151 »
 previously unidentified documents. - cr

: Because of cerfz‘iinvproblems with older documents
i for. which NSSDC no longer possessed a hard copy
iversion, it was not possible to enter these into the

' iNASA system. In addition, in attempting to include:

i OGO-related preprints which were acquired by NSSDC!
lafter July 1, 1974, and previously identified preprints;
which were published in journals or symposium’
‘proceedings after this date, it was necessary- to
identify these by the TRF accession number (B number)
if time had not permitted the assignment of a NASA
system number.

~One other point should be clarified. A prcprintb
‘which enters the NASA system will_receive an N

V!
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number. When that preprint or some slightly altered
version including title (because of a referee’s or editor's
comments) appears in a published journal or book,
it will receive, after some time delay, an A number.
The A number has been used to identify the article
in all such cases.

There are a large number of documents (either
N or B numbered) which have not been included in
the bibliography because they would add considerably
to the bulk of this Summary without being very useful
to most readers. The classes of these OGO documents
are listed below and many are available, mainly in
microfiche, from NSSDC.

Certain NASA News Releases

Flight Evaluation Reports

Operations Summary Reports
Brochures for Experiments
Specifications for Spacecraft
Specifications for Experiment Interfaces
Tracking and Data Acquisition Support
Plans

Working Group Transactions
Experiment Test Gathering Minutes by
the Project

LR Nowvbw—

10. Experiments Proposals

11. Telemetry Data Processing Plans

12. Operations Requirements Documents

13. Thermal Analysis Reports

14. Schematic Drawings

15. Experiment Bulletins

16. Program Bibliographies (superseded by
this one)

17. Description of Tape Formats for

Experiments (available in NSSDC Data
Catalogs)

18. Orbital Operations Final Reports

19. Post Launch Reports

20. Data Index and Catalog for Telemetry
Data

21. National and Organizational Annual
Reports to COSPAR

22. Project Development Plan

23. Data User’s Notes (written by NSSDC
personnel)

24. System Engineering Documents

All the available experiment progress reports have been
included because they contain some useful information
and summaries of results. In addition, it was our
desire to demonstrate that only a few of these reports
reach NSSDC or the NASA Facility.

_ We conclude this section with some statistical
information on ihe bibliography contained in Section
VL There are 774 documents included: 415 are articles
i refereed scientific or technical journals; 150 are

INTRODUCTION

articles in proceedings of symposia (we have lumped
proceedings from all types of publications except
refereed journals, including books, NASA special
publications, university, industry, and the COSPAR
publication, Space Research). The remaining reports
are classified as: Book Articles (6), Government (68),
University (101), and Industry (34). The journals in
which most of the articles have been found and the
number of articles are given in Table II-5.

TABLE II-5

Journals Where Most OGO Experiment Articles
Appear

Journal Name No. of Articles

Annales de Ggophysique : 7
Astrophysical Journals Pts. 1, 2, & 3 22
Journal}of Geophysical Research -

Space Science 243
IEEE Proceedings (all) 21
Journal of Atmospheric & Terrestrial

Physics 9
Physical Review Letters 6
Planetary and Space Science i9
Radio Science 8
Solar Physics 23
Space Research (COSPAR) 31
Space Science Reviews 9
Other Journals 17

It is clear by examining Table -5 that the predominant
Journal for publication of OGO results was the Journal
of Geophysical Research and, since that journal divided
into 3 separate parts, the Space Science part. Included
in the university reports are approximately 25 PhD
theses.

Of the 736 documents which were related to
experiments, as opposed to spacecraft, the distribution
was PM = 3588, OM = 17, PS = 59, OS = 63, and
PC = 9. Since a given document could be related
to more than one OGO experiment, a single code
assignment was made on the basis of the hierarchy
PM, OM, PS, OS, PC. As expected, the majority of
documents cited were written by the PI group and
discussed as a major topic of an OGO experiment.

In order to demonstrate the time period required
to produce OGO scientific results in the archival
literature, the graphs, Figures 11-1 and 1I-2, are given.
The abscissa is the time after launch, and the ordinate
shows the cumulative number of experiment-related
articles published in journals in 6-month intervals for
each spacecraft.  Any article associated with two or
more spacecraft is included in the most recently
launched spacecraft. Consequently, any paper associ-
ated with an OGO 1 experiment and some other OGO

-7
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INTRODUCTION

.c.\pcrimcnl will not appear in the OGO | graph. The

peak publication rate occurs for 2 to 3 years beginning
some 2 1/2 to 3 years after launch. "About 50% of
the publications occur later than 3 to 3 1/2 years
after launch, allowing an average time of 6 months
for publication. From this it is clear that a large
fraction of the important experimental results are
produced well after prime data analysis funding has
ended. These charts indicate that additional support
after prime data analysis is essential if most of the
scientific results are to be understood and made
accessible to the scientific community in an acceptable
manner,

The last data point for each of the OGO publica-
tions graphs in Figures II-1 and I]-2 represents the
total number of publications for the corresponding

11-8

OGO missions near the end of 1974. Figure [I-1
indicates that the number of publications for OGO
I, OGO 2, and OGO 3 had increased very little during
the previous 2 years, Figure 11-2, however, shows
that the total number of publications for OGO 4,
OGO 35, and OGO 6 was still increasing at a high
rate. The OGO 4 overview had to be revised several
times because of the continued growth in publica-
tions during the preparation of this report. Numerous
revisions were required in other sections of the report
as well. It was therefore decided to publish the
overview of OGO 5 and OGO 6, as a supplement to
the present report. The supplement will include an
updating of the publications by experiments, additions,
and corrections to the bibliographic citations (and
abstracts). Comments from OGO participants
concerning any portion of this report will be most
welcome,
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Ty R YRERVIEW OF 1THE OGO PROGRAM

3 e
e e e - . : -
' A. The OGO Program { 2. Approach and Mission Projiles E
. The scientific goals of the OGO program were accom lished
1. Objectives and Background through a series of regularly scheduled launches in two basicporbils.
An ecceatric orbit (EGO) mission with apogee at about 150,000
An overview of the OGO program might begin with some km (95000 mi) and initial perigee at about 300 km (190 mi) allowed
© reflection upon the explosive growth of the Space Program in the  the obscrvatory to sweep through the natural radiation belts
" United States during the late fifties and the early sixties and with surrounding the Earth, providing a capability for a thorough
-, the realization that the development of OGO as a-‘third-generation” mapping and study of phenomena associated with the magnetosphere
; spacecraft. was already well underway in 1960, three years after and the near interplanetary space. The polar orbit (POGO) mission
! the launch of Sputnik. 1. Many-of the great discoveries of our was conducted at lower altitudes with apogee and perigee typically
i near-Earth environment, such as.the radiation belts, the magneto- at 1000 and 400 km (620 to 250 mi), respectively. This orbit, with
; sphere, and the solar wind, had already been made by- the early inclination Qf 85 degrees or greater, provided thorough coverage

| exploratory satellites, such as Explorers I, III, IV, and X1, Vanguard of the Earth’s atmosphere and lower lonosphere including the polar .

- L and Pioneers Il and IV. In the early sixties (1960-1963), these regions. The OGO spacccraft were launched one each year over a . ¢
discoveries ‘were investigated .in- greater- detail by a dozen or-so | | period of six years beginning in 1964, as shown in Table IlI-1, ¢
‘second-generation' spacecraft characterized by greater weight and | | with the two subser les alternating in sequence.
experiment carrying capability=. By 1960, however, it had become S s E— R ]
evident that the more definitive space investigations would require T e
third-generation research tools,. i.c.. large spacecraft which would - L : o e L -
allow simultancous observations by many .different. experiments T s CTABLE iy T R -
and would provide a very-high" bit rate telemetry.” The third ' ; )
generation- spacecraft were named observatories to emphasize the Spacecraft E/P Launch date
more comprehensive nature. of the research-program which would i

be conducted. The Orbiting Geophysical Observatory (0OGO) is

t h b ] . OGO 1 E 5 September 1964
.., One of several types of observatories conceived and initiated circa i 0GO 2 P 14 October 1965
B ’ 1960.- i CALTL U ‘.'.“-:‘«-T:’:_‘if T el o . OGO 3 E 7 June 1966
~ . The concept of the OGO was developed by the: Goddard Space : 0GO 4 P 28 July 1967 . .
Flight Center:(GSFC) of the National Aeronautics and Space i 0GOS E 4 March 1968 CoE
Administration (NASA)..The prime contractor for the OGO ; _0GO 6 P

_spacecraft, the - TRW Systems Group, Redondo-Beach, California, {'”'“~' T T T T e e o
was directed to proceed on the OGO effort through a-Letter Contract, ‘
dated 6 January, 1961. The definitive NASA. Co}r:tract was received : . .
by TRW on-3. August 1962 and by this date the NASA selection : The scientific ’ : ve . )
. . d ; : program planned for the six OGO’s is summarized
?f cxpenm.cnts_ for OGO ! had also been completed. Co e . in Figure HI-1. Also shown in Figure 11I-1 is the alternating -
= The scientific objective of the OGO program was to conduct a " EGO/POGO launch sequence. The OGO 1 and 2 spacecraft were
large number of diversified and interrelated physical experiments launched during a period of minimum solar activity. The OGO 1}
| within the. Earth’s atmosphere and magnetosphere and in cis-lunar and 2 experiments were essentially duplicated on OGO 3 and 4,

space in orderA to gain better understanding ‘of - Earth-Sun _re- respectively, because the original plan was that OGO 3 and 4 would
lationships and ‘of the Earth, itself, as a planet. The technological continue the OGO 1 and 2 studies during the rising and maximum

objective of the program—to enable achievement of the: scientific periods of the solar cycle. The OGO orbits are indicated in the
objectives—was to develop and operate a three-axis-stable-*standard frontispiece in relation to a somewhat stylized rendition of the
observ_atqry’ which could be used repeatedly to carry- large numbers magnetosphere in the noon-midnight meridian plane. Some of the
of easily integrated scientific. experiments into appropriate orbits. . scientific highlights are also indicated in the frontispicce, with the

e e e B T P S S S Y

130111

]

As indicated earlier, the:exploration of the near-Earth- environ-- items listed on the right-hand side pertaining to -EGO missions
ment was--well under way when-the OGO program was initiated. and the items on the left relating to POGO missions. The OGO i
The programs-used for these-preliminary explorations became, to and OGO 3 orbits are also illustrated in Figure I1I-2 essentially as
some extent, parallel or even competing efforts after the launch of they would project on the plane of the ecliptic. The magnetosphere
OGO 1~ This=was usually a very-healthy situation: for-the OGO cross scction outlined in Figure HI-2 is essentially at right angle
program,* leading to extensive interchange of ideas and providing to the magnetosphere cross-section shown by the frontispiece. Both
a strong incentive for the rapid dissemination of important results. the frontispiece and Figure IfI-2 illustrate the thorough coverage
The objectives of related programs such as the Energetic Particle of the magnetosphere, particularly of the magnetopause and bow
Explorers, .the Interplanetary- Monitoring Platform (IMP) series,. shock, which was possible with the EGO missions.
and the Internationai Satellites for IonosphericStudies (ISIS) were Because of their long lifetimes, the EGO missions overlapped,
actually -quite different from the. OGO oObjectives, and the results making it possible to obtain data simultaneously from two (and
-, related to OGO were, in most cases, complementary. For example, even three) EGO missions. The magnetospheric regions which could
o ; multi-satellite exploration of - the- magnetosphere- and near- be explored simultaneously by QGO 1 and OGO 3 are indicated
' interplanetary space made possible the concurrent performance of in Figure [1-2 for the period 1 September 1967 to 30 November

. related SfﬁeﬁNCNIS stadying energetic ﬁrticlcsi and} tffé[ magnetic. J 1967. It is seen that the local times for OGO | and OGO 3 apogees
: field at various positions in space. Correlation of the data from ]~ Were actually seven hours apart. Thus, for.example, OGO 1 could

 these experiments with data from the OGO experiments_assisted provide information for the magnetospheric tail region while OGO
" in the separation of the spatial and temporal characteristics of ?x\a‘:::togsairll:i‘:nbgmﬁfg:ﬁ::: 'g:, ur:!agl?[c‘gosl:eathhoa at‘hotnfh Ofl ‘h‘;
- Cosmic rays, solar particles, geomagnetically trapped particles, and time ot ap ozee for OGO 1 an eOGd §5°h5 "cds b a b "m°°?‘
=—-- the galactic, interplanetary, and terrestrial maenetic ficlds. : - apog 2 } 5 changed by abeut six
T — 2 ——- hours in a three-month period, making it possible for either
i In some cises, however, cffort on’ the analysis of certain marginal OGO | and} 7 spacecraft to survey all local times in a one year period.
! OGO 2 experiments was terminated and ro-directed toward the analysis of more's’ An essential feature of the technologxgal approach was the
: promising data lrom other programs, - standard-observatory concept: an orbiting ‘experiment box,’
3 N i RGN e U
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OVERVIEW

complete with solar power, attitude control, data storage, and
telemetry, which would provide well-defined interfaces between the
spacecraft subsystems and the experiments, thus allowing each
experimenter to integrate his instruments with a minimum of effort.
This concept (sometimes referred to as the ‘street-car’ principle),
together with the relatively large payload capability, not only
provided flexibility in selecting experiments, but also allowed
incorporation of a limited number of high-risk experiments whose
subsystem support requirements would have been prohibitive in
smaller spacecraft where experiments and subsystems were highly
intermingled. The same basic spacecraft { (except for minor
alterations) was used for the two types of orbit. The eccentric and

polar orbits, however, required different launch vehicles (Atlas - °

0GO 1
EMPHASIZED STUDIES OF:
INTERPLANETARY REGION
SHOCK AND TRANSITION ZONES
MAGNETOSPHERE
RADIATION BELTS
IONOSPHERE
COSMIC RAYS
SOLAR RADIATION
MICROMETEORITES
GEOCORONA

HIGHLY ELLIPTICAL
LOW-INCLINATION ORBITS

"Agena and thrust-augmented Thor-Agena) and different launch sites

(Eastern and Western Test Ranges). respectively. Total weight in
orbit ranged from 479 to 635 kg (1050 to 1394 Ib), of which 68.1
to 118.0 kg (150 to 260 Ib) were assigned to experiment sensors
and electronics.

3. Description of the OGO Spacecraft

3.1 Overall Coniiguration

A typical OGO deployed configuration is shown in Figure I11-3.

,The main body was 209 x 09 x 1.8 m (3x3x6ft) rectangular
-prism, and its orientation (maintained by the spacecraft attitude!

0 Y

0GO 3

CONTINUED 0GO 1
STUDIES: BEGAN
LOW-ENERGY
PARTICLE
STUDIES

3

0G0 5

STRESSED ELECTRON
MEASUREMENTS OF

THERMAL ENERGIES
TO 10 GeVv

1964 | 1965

1966 | 1967 | 1968 | 1969

0GO 2

EMPHASIZED STUDIES OF:

NEUTRAL ATMOSPHERE
IONOSPHERE

PARTICLE INFLUX AT POLES
AIRGLOW AND AURORAL EMISSIONS
WORLD MAGNETIC SURVEY

COSMIC RAYS

SOLAR RADIATION
MICROMETEORITES

LOW-ALTITUDE
NEARLY POLAR ORBITS

! 0GO 4—+

CONTINUED OGO 2
STUDIES: BEGAN
LOW-ENERGY AURORAL
PARTICLE STUDIES &
SOLAR FLARE STUDIES

Orbiting Geophysical Observatories Program

FIGURE HII-1
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OVERVIEW

.:omplctc with solar power. attitude control. data storage, and
«wlemetry, which would provide well-defined interfaces between the
spacecraft subsystems and the experiments, thus allowing cach
experimenter to integrate his instruments with a minimum of effort.
This concept (sometimes referred to as the ‘street-car’ principle),
together with the relatively large payload capability, not only
provided flexibility in sclecting experiments, but also allowed
incorporation of a limited number of high-risk experiments whose
subsystem support requirements would have been prohibitive in
smaller spacecraft where experiments and subsystems were highly
intermingled. The <iic basic spacecraft  (except for minor
alterations) was used for the two types of orbit. The eccentric and
polar orbits, however, required different launch vehicles (Atlas -

Agena and thrust-augmented Thor-Agena) and different launch sites
(Eastern and Western Test Ruanges), respectively. Total weight in
orbit ranged from 479 to 635 Kg (1030 to 1394 tb), of which 68.1

to HE.0 kg (150 to 260 Ib) were assigned to experiment sensors
and clectronics.

3. Description of the OGO Spacecraft

3.1 Overall Configuration

A typical OGO deployed configuration is shown in Figure [11-3.
The main body was a 0.9 x 0.9 x 1.8 m (3 x 3 x 6 f) rectangular
prism, and its orientation (maintained by the spacecraft attitude

‘ i
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& £  MAGNETOSPHERE -
- 0o e
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23  COSMIC RAYS STUDIES: BEGAN MEASUREMENTS OF
g Z  SOLAR RADIATION LOW-ENERGY THERMAL ENERGIES
Z  MICROMETEORITES PARTICLE TO 10 GeV
~  GEOCORONA STUDIES
@ y i v
1964 | 1965 | 1966 | 1967 | 1968 | 1969
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IONOSPHERE
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“control system) was intended to be such that one 0.9 x 1.8 m (3 x|
6 ft) face would be continuously pointed toward the Earth. This
face and its opposite each had 0.6 sq m (6 sq ft) of area on which
experiments could be mounted. The second purpose of the attitude
control system was to maintain the solar arrays perpendicular to
the rays of the sun. The cubical boxes near their extremities are
the solar oriented experiment packages (SOEP’s), each providing
0.1 sq m (1 sq ft) of experiment-mounting area on both the Sun-facing
and anti-Sun-facing surfaces. At one end of the main body was a
shaft mounted normal to the face which is pointed toward the
|Earth. Attached to this shaft! were{ two/ orbit| plane; experiment

|
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OVERVIEW

e
packages, OPEP-1 and OPEP-2. The third purpose dfjthe attitude
control system was to keep one face of cach OPE
forward along the velocity vector.}

Two 6.7 m (22-ft) long booms (EP-5 and EP-6) an T m
(6-ft) long booms (EP-1 through EP-4) were provided to house
experiment sensors whose sensitivity or viewing requirements made
it necessary to remove them from the main body. Additional booms
were provided for antennas; the most prominent in the figure is
the turnstile Yagi directional antenna in the right foreground. Also
shown in the figure are two antennas, typical of special experiment
characteristics which can be accommodated. One was a long

// MAGNETOSHEATH
MAGNETOPAUSE
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Apogee distance, in Earth radii (Rg), and projection on the plane of
the ecliptic of the Sun-Earth-probe (SEP) angle for OGO 1. and 0GO 3.
The inclination of the orbits is not illustrated.
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control system) was intended to be such that one 0.9 X 1.8 m (3 «x
6 ft) face would be continuously pointed toward the Earth. This
face and its opposite each had 06 sq m (6 sq U of arca on which
experiments could be mounted. The second purpose of the attitude
control system was to maintain the solar arravs perpendicular to
the rays of the sun. The cubical boxes near their extremities are
the solar oriented experiment packages (SOEP's). each providing
0.1 sgm (1 sqft) of experiment-mounting area on both the Sun-facing
and anti-Sun-facing surfaces. At one end of the main body was a
shaft mounted normal to the face which is pointed toward the
Earth. Attached to this shaft  were two orbit plane experiment

OVERVIEW

packages, OPEP-1 and OPEP-2. The third purpose of the attitude
control system was to keep one face of each OPEP always faced
forward along the velocity vector. .

Two 6.7 m (22-1) long booms (EP-5 and EP-6) and four 1.8 m
(6-ft) long booms (EP-} through EP-4) were provided to house
experiment sensors whose sensitivity or viewing requirements made
it necessary 10 remove them from the main body. Additional booms
were provided for antennas: the most prominent in the figure is
the turnstile Yagi directional antenna in the right foreground. Also
shown in the figure are two antennas, typical of special experiment
characteristics which can be accommodated. One was a long
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tubular spring bronze antenna, supplied by an experimenter, which
could be extended from the end of the paddle after the spacecraft
was in orbit, to a distance of 9.1 m (30 ft). The other was a
rhomboid antenna made of metal tape and mounted to one of the
long booms. This antenna was also deployed by radio command
after the spacecraft had been stabilized in orbit. Several sensors
for the same experiment could be installed in different appendages
if data correlation or weight limitation reasons necessitated this,
Interconnection was accomplished at the central junction box. This
arrangement made it possible to accommodate installation of an
experiment late in the prelaunch test cycle, should this have proved
to be desirable.

(ROLL AXIS)

EP-1 WITH 400 MHz
OMNIDIRECTIONAL ANTENNA

3.2 Deployment Considerations

OGO had 13 major appendages which were deployed in orbit,
subsequent to spacecraft separation, from a folded or stored
configuration (Figure 111-4) to the operational or deployed
configuration (Figure 111-3). The rather weird deployed configuration
geometry (which resembled an oversized insect) was chosen to achieve
the necessary mass properties control and experiment location with
respect to the spacecraft and other experimental equipment, as well
as support rigidity and minimum envelope in the folded configura-
tion. The deployment operation was divided into two major
sequences to avoid interference during appendage deployment.

30-Ft EXTENDABLE
ANTENNA

DIRECTIONAL
ANTENNA

(YAW AXIS)

Typical OGO Deployed Configuration

This figure actually shows OGO 5; other 0GOs were very similar in
appearance. The letters "X," "Y," and "Z" refer to the 0GO
coordinate system, The experiment package OPEP-1 (not shown) is
directly below OPEP-2, The OGO dimensions are approximately 60 ft
along the Y axis and 20 ft across the tips of the solar array,

FIGURE I1I-3:
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"zbulur spring bronze antenna, supplied by an experimenter, which
vouid be extended from the end of the paddle after the spacecraft
was in orbit, to a distance of 9.1 m (30 ft). The other wus a
rhomboid antenna made of metal tape and mounted to one of the
long booms. This antenna was also deployed by radio command
after the spacecraft had been stabilized in orbit. Several sensors
for the same experiment could be installed in different appendages
if data correlation or weight limitation reasons necessitated this.
Interconnection was accomplished at the central junction box. This
arrangement made it possible to accommodate ‘installation of an
experiment late in the prelaunch test cycle, should this have proved
to be desirable.

3.2 Dceployment Considerations

OGO had 13 major appendages which were deployed in orbit,
subsequent to spacecraft sepatation, from a folded or stored
configuration (Figure 111-4) to the operational or deployed
configuration (Figure 11}-3). The rather weird deployed configuration
geometry (which resembled an uversized insect) was chosen to achieve
the necessary mass properties control and experiment location with
respect to the spacecraft and other experimental equipment, as well
as support rigidity and minimum envelope in the folded configura-
tion. The deploymient operation was divided into two major
sequences to avoid interference during appendage deployment.

EP-§ EP-1 WITH 400 Mz 30-Ft EXTENDABLE
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Typical OGO Deployed Configuration

This figure actually shows 0G0 5; other 0GOs were very similar in
appearance. The letters "X," "Y," and "Z" refer to the 0GO
coordinate system. The experiment package OPEP-1 (not shown) is
directly below OPEP-2. The OGO dimensions are approximately 60 ft
along the Y axis and 20 ft across the tips of the solar array.
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The appendages deployed in the first sequence were
EP-1 (400 MHz antenna included), EP-2 (136 MHz
antenna included), EP-5, EP-6, and the +X and -X
solar paddles. Total elapsed time from explosive valve
actuation to hinge locking of EP-5 was to be less
than 20 seconds. The appendages deployéd in the
second sequence were EP-3, EP-4, two attitude control
nozzle support booms, OPEP-1, OPEP-2, and the high
gain antenna, which was supported by and released
simultaneously with OPEP-1. The total elapsed time
from explosive valve actuation to hinge locking of
EP-3 was less than 10 seconds.

3.3 Major Subsystems

The observatory concept led to the development
of a standard spacecraft, incorporating a high degree
of flexibility for accommodating many types of
experiments. This was a marked departure from
design practices used in earlier spacecraft, where
weight limitations had led to a very tight integration
of experiments and spacecraft systems. To achieve
the desired flexibility, the OGO spacecraft included
five separate and well-defined systems:* (1) the
spacecraft main body and appendages where experi-
ments could be mounted, (2) the attitude control
system, (3) the thermal control system, (4) the power
supply, and (5) the communication and data handling
systems. This standardized arrangement made it
possible to use the same basic spacecraft for the six
OGO missions.

The overall configuration of the OGO spacecraft
(described earlier) made it possible to accommodate
simuitaneously a large number of experiment require-
ments, such as Sun or anti-Sun orientation, Earth or
anti-Earth viewing, specified attitude relative to the
velocity vector, or a high degree of isolation when
needed from the spacecraft and other experiments.

The attitude control system consisted of horizon
scanners, servo-mechanisms, gas jets, electrically-
driven flywheels and associated electronics. The system
could stabilize the spacecraft in all three axes to within
2 deg of the local vertical, 5 deg of the Sun, and 5
deg of the velocity vector.

The thermal control system combined active and
passive thermal-control techniques. Aluminized Mylar
insulation was provided for the main body +Z, -Z,
and -Y faces intermittently exposed to the Sun, and
controllable radiating surface areas (louvers) were
provided on the +X, -X, and +Y faces always exposed
to outer space. Bimetallic actuators operating between
10 deg and 24 deg C moved the louvers from the
fully closed to the fully opened position. Individual
thermal control was provided as needed for externally
mounted experiments.

Electrical power was supplied by two solar panel
arrays providing about 550 w to two 28-volt nickel-
cadmium storage batteries. The average power allotted
for experiments was 50 w. )

The Communication and Data Handling System
included the following: (1) tracking equipment,
consisting of two redundant 100-mw, 136 MHz
Beacon transmitters and one 10-w, 136 MHz Beacon
transmitter; (2) command equipment, consisting of
two parallel 120 MHz command receivers, two
redundant digital decoders (providing up to 254 relay
commands), and one tone command decoder (provid-
ing up to 12 extra commands); and (3) telemetry
equipment consisting of two redundant wide-band
PCM Systems, each using a 400 MHz, 4-w transmitter,
and a special purpose analog telemetry system, using
a 400 MHz, 0.5-w transmitter. The real-time data

* For a detailed description of the OGO spacecralt system, sec ‘The “

,Orbiting Geophysical Observatories’, by W.E. Scull and GH. Ludwig, !

" Proceedings of the IRE, 50, 2287-2296, Nov. 1962. !
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rates were 1, 4, 8,16 and 64 kilobits per sec. A total data storage
capacity of 86 million bits was provided by two recorders. The
data could be stored at 1 or 4 kilobits per sec and played back at.
64 or 128 kilobits per sec. Up to 32 alternate formats could be
selected by ground command for experiment data sampling.

4. Technological Accomplishments

The technological accomplishments of the 0GO programs can
be divided into two major categories. The first includes the overall
performance of the six OGO missionsi.e., basically the length of
time for which each spacecraft provided Gseful data. The second
includes the performance of specific subsystems, particularly those
fo;' which new and challenging technological problems had to be
solved.

“4.1 Operation Summary o
—“7\ ve_rj'-g—o”bd_ indication of the overall success of the 0GO
missions is the phenomenal volume of data (see Figure 11I-5)

which was acquired from the six OGO Spacecraft. During the period
1964 to 1971, over two million experiment hours of data were
acquired, divided as follows: 364,000 from OGO 1; 72,000 from
OGO 2; 440,000 from OGO 3; 260,000 from OGO 4; 636,000
from OGO 5 and 312,000 from OGO 6. This is comparable to the
combined total of all other scientific satellites previously orbited
by NASA. The longevity of the OGO spacecraft, as indicated by
Figure II-5, was also quite spectacular. The duration of routine
operations for the six spacecraft ranged from a minimum of 2
years (OGO 2) to a maximum of 5 1/2 years (OGO 1). The periods
of routine operations were in all cases followed by a stand-by
period (during which the spacecraft were still operable). The duration
of these stand-by periods ranged from 1 to 4 years, the shorter
stand-by periods being the result of a general termination of OGO
spacecraft support during 1971 - 1972. Ali spacecraft, however,
were.still operable when operational support was terminated. Figure
IT1-5 also illustrates the manner in which the OGO Missions
overlapped, making it possible to obtain data simultaneously (but
in d6ifferent locations) from at least three OGO Spacecraft from
1966 to 1971.
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rates were |, 4, 8,16, and 64 kilobits per sec. A total data storage
capacity of 86 million bits was provided by two recorders. The
data could be stored at 1 or 4 kilobits per sec and played back at.
64 or 128 kilobits per sec. Up to 32 alternate formats could be
selected by ground command for experiment data sampling.

4. Technological Accomplishments

The technological accomplishments of the OGO programs can
be divided into two major categories. The first includes the overall
performance of the six OGO missions, i.e. basically the length of
time for which each spacecraft provided useful data. The second
includes the performance of specific subsystems, particularly those
for which new and challenging technological problems had to be
solved.

4.1 Operation Summary

T A very gdod indication of the overall success of the OGO

!

missions is the phenomenal volume of data (see Figure I11-5)

which was acquired from the six OGO Spacecraft. During the period
1964 to 1971, over two million experiment hours of data were
acquired, divided as follows: 364,000 from OGO 1; 72,000 from
OGO 2; 440,000 from OGO 3; 260,000 from OGO 4; 636,000
from OGO 5 and 312,000 from OGO 6. This is comparable to the
combined total of all other scientific satellites previously orbited
by NASA. The longevity of the OGO spacecraft, as indicated by
Figure 111-5, was also quite spectacular. The duration of routine
operations for the six spacecraft ranged from a minimum of 2
years (OGO 2) to a maximum of 5 1/2 years (OGO 1). The periods
of routine operations were in all cases followed by a stand-by
period (during which the spacecraft were still operable). The duration
of these stand-by periods ranged from 1 to 4 years, the shorter
stand-by periods being the result of a general termination of OGO
spacecraft support during 1971 - 1972. All spacecraft, however,
were still operable when operational support was terminated. Figure
I11-5 also illustrates the manner in which the OGO Missions
overlapped, making it possible to obtain data simultaneously (but
in different locations) from at least three OGO Spacecraft’ from
1966 to 1971.
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.lcs were 1, 4, 8.16. and 64 kilobits per sec. A total data storage

capacity of 86 million bits was provided by two recorders. The
data could be stored at 1 or 4 kilobits per sec and played back at
64 or 128 kilobits per sec. Up to 32 alternate formats could be
sclected by ground commiand for experiment data sampling.

4. Technological Accomplishments

The technelogical accomplishments

OGO programs can
be divided into two major categories
performance of the six OGO missidn
time for which each spacecraft provi
includes the performance of specific subsy$fems, particularly those
fo:’ v:ihich new and challenging technological probiems had to be
solved.

4.1 Operation Summary

_ A very good indication of the overall success of the OGO
missions is the phenomenal volume of data (see Figure 11-5)

which was acquired from the six OGO Spacecraft. During the period
1964 0 1971, over two million experiment hours of data were
acquired, divided as follows: 364,000 from OGO 1; 72,000 from
OGO 2 440,000 from OGO 3: 260,000 from OGO 4; 636,000
from OGO 5 and 312.000 from OGO 6. This is comparable to the
combined total of all other scientific satellites previously orbited
by NASA. The longevity of the OGO spacecraft, as indicated by
Figure I11-5, was also quite spectacular. The duration of routine
operations for the six spacecraft ranged from a minimum of 2
years (OGO 2) to a maximum of 5 1/2 years (OGO 1). The periods
of routine operations were in all cases followed by a stand-by
period (during which the spacecraft were still operable). The duration
of these stand-by periods ranged from 1 to 4 vyears, the shorter
stand-by periods being the result of a general termination of OGO
spacecraft support during 1971 - 1972. All spacecraft, however,
were still operable when operational support was terminated. Figure
I11-5 also illustrates the manner in which the OGO Missions
overlapped, making it possible to obtain data simultaneously (but
in different locations) from at least three OGO Spacecraft from
1966 to 1971.
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4.2 Performance of Spacecraft Systems
4.2.1 Overall Performance

The longevity and the data output of the various OGO missions
(as summarized by Figure I11-5) provide ample proof that the power,
thermal, and data handling systems functioned extremely well. The
basic spacecraft design for OGO 1 was sound, and it was used
essentially unchanged (except for minor corrections and modifica-
tions) for the other five OGOs. The OGO spacecraft could also
(and did) yield very useful data in the spin-stabilized back-up mode,
whenever the attitude control system failed to maintain the desired
three-axis stabilization.

4.2.2 The Attitude Control System

From the technological viewpoint, perhaps the major challenge
offered by the OGO design was the stabilization and orientation
requirements. Although--in principle--the pointing accuracies
required of OGO, were not difficult to achieve (they varied from
2 to 5 deg), the three-axis stabilization was difficult to achieve
with the complex configuration and deployment geometry of the
OGO spacecraft.

The stabilization history of the six OGO spacecraft was as
follows: OGO 1 failed to stabilize because of incomplete boom
deployment; OGO 2 was stabilized for 10 days only, because of
faulty horizon sensors causing premature control gas depletion;
OGO 3 was stabilized for 46 days until a power converter failure
occurred; OGO 4 was stabilized for 18 months; OGO 5 was stabilized
for 41 months; and OGO 6 was stabilized for 24 months, i.e. unti
the end of its mission.

The failure to achieve or maintain stabilization on OGO i, 2,
and 3 was in general traceable to somewhat sophisticated aspects
of design which were very difficult to anticipate and were not
revealed by ground testing. The in-orbit problems were in general
not due to quality control or test oversight; and because of their
complexity, these problems revealed themselves gradually, i.e.
following the successive design corrections. Thus the OGO 2 horizon
sensor problems could not be detected, until the OGO 1 deployment
problem was corrected. Similarly, the 10-day OGO 2 attitude-
controlled operation did not last long enough to lead to the power
converter failure eventually seen on OGO 3. Once corrected,
however, a given problem never occurred again.

4.3. Summary of Technological Accomplishments

Compared to earlier space investigations, the orbiting geophysi-
cal observatories represent major advances in both precision and
comprehensiveness. The technological accomplishments of the OGO
program include:

(1)  near-perfect orbits for all six missions;

(2)  the successful deployment of a very complex spacecraft
configuration in all cases except OGO 1, for which a
partial deployment failure occurred;

(3) three-axis stabilization accomplished for 10 days on the
second OGO and maintained much longer on
subsequent OGOs;

(4)  the successful simultaneous operation of a large number
of experiments with very different requirements;

(5)  an extremely high information handling capacity;

(6) a very high reliability of experiments and spacecraft
systems, which, combined with the high data rate,
resulted in a record breaking volume of scientific data;

(7)  the skillful use of backup modes of operation to
overcome in-orbit problems and extend the usefulness of
a mission.

B. SCIENTIFIC RESULTS
1. OGO 1 Results

Although alt the OGO 1 experiments operated in orbit and

‘ . acquired data, approximately half of these were severely degraded

OVERVIEW

because of the failure of the attitude control system and because
two of the eleven appendages failed to deploy properly. The
experiments which failed to yield significant results, and the major
reasons for their degraded operations were as follows. Experiments
A-19 (Geocoronal Lyman-Alpha) and A-20 (Gegenschein  Pho-
tometry) were critically dependent upon anti-solar orientation.
Experiment A-1 (Solar Cosmic Rays) required solar orientation to
meet its objectives. Experiment A-18 (Radio Astronomy) could not
operate properly because of incomplete antenna deployment. Spin
modulation was very detrimental to experiments A-13 (Planar fon
and Electron Trap), A-16 (Interplanetary Dust Particles), and A-5
(Trapped Radiation and Scintillation Counter). Experiment A-8
(Trapped Radiation Omnidirectional Counter) also sulfered from
degraded OGO 1 operation, and although some measurements were
made, the results were not considered of sufficient value for
publication in the open literature. Insufficient protection against
electrical interference led to a very high noise level in the data
from experiment A-4 (Positron Search and Gamma-Ray Spectrum).
Although experiment A-4 has not yet led to any publication, the
data are currently (1975) being re-examined to see if they reveal
any of the recently discovered gamma-ray bursts.

Very significant scientific results were nevertheless obtained with
OGO 1 because:

a)  many of the experiments were not critically dependent
upon specific spacecraft orientation;

b)  high-resolution measurements were made possible (for
the first time) by the high data rate of the OGO
telemetry system; and

¢)  the OGO 1 orbit was very well suited for a detailed
investigation of the magnetosphere, in particular the
magnetopause, magnetosheath, and bow shock (see
Figure 111-2). .

1.1 Magnetic Field Experiments

The extensive study of the outer magnetospheric regions by
the two magnetic field experiments on OGO 1 was a major
accomplishment, and the scientific results have been extensively
quoted in review articles and in textbooks. Historically, magnetome-
ters have provided the most comprehensive coverage of magneto-
spheric activities, and this was certainly true of the two magnetometer
experiments on OGO 1, namely Smith’s search coil magnetometer
(Experiment A-10) and Heppner’s fluxgate magnetometer (Experi-
ment A-11).

1.1.1 Shock Structure (A-11)

From a study of numerous OGO ! shock crossings observed
with experiment A-11, Heppner et al (1967) derived 2 model of
the average field profile for a typical shock crossing. The shock
thickness was described in terms of three dimensions. As the shock
is first encountered from the interplanetary space side, there is a
narrow ‘outer shell’ less than 20 km (12 mi) thick where the
interplanetary field becomes slightly disturbed. This is followed by
a second region about 70 km (45 mi) thick where the field changes
rapidly to a new level. In the third region the field setties gradually
to its magnetosheath value over a distance of about 200 km
(120 mi).

Two classes of field oscillations were frequently observed
superimposed on this average shock structure: 1) coherent circularly
polarized ULF waves with frequencies typically between 0.5 and
1.5 Hz, and 2) higher frequency (ELF) fluctuations.

The thin nature of the bow shock and the associated wave
phenomena were important observations which henceforth had to
be considered in theoretical models of the bow shock (Tidman
1967, Tidman and Northrop 1968).

1.1.2 Waves in the Magnetosheath (A-10)
Smith’s search coil magnetometer experiment (A-10) was

particularly well suited for the study of ELF magnetic fluctuations
and it was shown by Smith et al (1967) that 3-300 Hz magnetic
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4.2 Performance of Spacecraft Systems
4.2.1 Overall Performance

The longevity and the data output of the various OGO missions
(as summarized by Figure II1-5) provide ample proof that the power,
thermal, and data handling systems functioned extremely well. The
basic spacecraft design for OGO 1 was sound, and it was used
essentially unchanged (except for minor corrections and modifica-
tions) for the other five OGOs. The OGO spacecraft could also
(and did) yield very useful data in the spin-stabilized back-up mode,
whenever the attitude control system failed to maintain the desired
three-axis stabilization.

4.2.2 The Attitude Control System

From the technological viewpoint, perhaps the major challenge
offered by the OGO design was the stabilization and orientation
requirements. Although--in principle--the pointing accuracies
required of OGO, were not difficult to achieve (they varied from
2 to 5 deg), the three-axis stabilization was difficult to achieve
with the complex configuration and deployment geometry of the
OGO spacecraft.

The stabilization history of the six OGO spacecraft was as
follows: OGO 1 failed to stabilize because of incomplete boom
deployment; OGO 2 was stabilized for 10 days only, because of
faulty horizon sensors causing premature control gas depletion;
OGO 3 was stabilized for 46 days until a power converter failure
occurred; OGO 4 was stabilized for 18 months; OGO 5 was stabilized
for 41 months; and OGO 6 was stabilized for 24 months, i.e. until
the end of its mission.

The failure to achieve or maintain stabilization on OGO 1, 2,
and 3 was in general traccable to somewhat sophisticated aspects
of design which were very difficult to anticipate and were not
revealed by ground testing. The in-orbit problems were in general
not due to quality control or test oversight; and because of their
complexity, these problems revealed themselves gradually, i.e.
following the successive design corrections. Thus the OGO 2 horizon
sensor problems could not be detected, until the OGO 1| deployment
problem was corrected. Similarly, the 10-day OGO 2 attitude-
controlled operation did not last long enough to lead to the power
converter failure eventually seen on OGO 3. Once corrected,
however, a given problem never occurred again.

4.3. Summary of Technological Accomplishments

Compared to earlier space investigations, the orbiting geophysi-
cal observatories represent major advances in both precision and
comprehensiveness. The technological accomplishments of the OGO
program include:

(1) near-perfect orbits for all six missions;

(2) the successful deployment of a very complex spacecraft
configuration in all cases except OGO 1, for which a
partial deployment failure occurred:

(3) three-axis stabilization accomplished for 10 days on the
second OGO and maintained much longer on
subsequent OGOs;

(4)  the successful simultaneous operation of a large number
of experiments with very different requirements;

(3) an extremely high information handling capacity;

(6) a very high reliability of experiments and spacecraft
systems, which, combined with the high data rate,
resulted in a record breaking volume of scientific data;

(7)  the skiliful use of backup modes of operation to
overcome in-orbit problems and extend the usefulness of
a mission.

B. SCIENTIFIC RESULTS
1. OGO 1 Results

Although all the OGO 1 exfperiments operated in orbit and
acquired data, approximately half of these were severely degraded
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because of the failure of the attitude control system and because
two of the eleven appendages failed to deploy properly. The
experiments which failed to yield significant results, and the major
reasons for their degraded operations were as follows, Experiments
A-19 (Geocoronal Lyman-Alpha) and A-20 (Gegenschein Pho-
tometry) were critically dependent upon anti-solar orientation.
Experiment A-1 (Solar Cosmic Rays) required solar orientation to
meet its objectives. Experiment A-13 (Radio Astronomy) could not
operate properly because of incomplete antenna deployment. Spin
modulation was very detrimental to experiments A-13 (Planar fon
and Electron Trap), A-16 (Interplanetary Dust Particles), and A-5
(Trapped Radiation and Scintillation Counter). Experiment A-8
(Trapped Radiation Omnidirectional Counter) also suffered from
degraded OGO | operation, and although some measurements were
made, the results were not considered of sufficient value for
publication in the open literature. Insufficient protection against
electrical interference led to a very high noise level in the data
from experiment A-4 (Positron Search and Gamma-Ray Spectrum).
Although experiment A-4 has not yet led to any publication, the
data are currently (1975) being re-examined to see if they reveal
any of the recently discovered gamma-ray bursts,

Very significant scientific results were nevertheless obtained with
OGO 1 because:

a)  many of the experiments were not critically dependent
upon specific spacecraft orientation;

b)  high-resolution measurements were made possible (for
the first time) by the high data rate of the OGO
telemetry system; and

c) the OGO 1 orbit was very well suited for a detailed
investigation of the magnetosphere, in particular the
magnetopause, magnetosheath, and bow shock (see
Figure 111-2).

L1 Magnetic Field Experiments

The extensive study of the outer magnetospheric regions by
the two magnetic field experiments on OGO 1 was a major
accomplishment, and the scientific results have been extensively
quoted in review articles and in textbooks, Historically, magnetome-
ters have provided the most comprehensive coverage of magneto-
spheric activities, and this was certainly true of the two magnetometer
experiments on OGO 1, namely Smith’s search coil magnetometer
(Experiment A-10) and Heppner’s fluxgate magnetometer (Experi-
ment A-11).

1.1.1 Shock Structure (A-1D)

From a study of numerous OGO 1 shock crossings observed
with experiment A-11, Heppner et al,| (1967) derived a model of
the average field profile for a typical shock crossing. The shock
thickness was described in terms of three dimensions. As the shock
is first encountered from the interplanetary space side, there is a
narrow ‘outer shell’ less than 20 km (12 mi) thick where the
interplanetary field becomes slightly disturbed. This is followed by
a second region about 70 km (45 mi) thick where the field changes
rapidly to a new level. In the third region the field settles gradually
to its magnetosheath value over a distance of about 200 km
(120 mi).

Two classes of field oscillations were frequently observed
superimposed on this average shock structure: 1) coherent circularly
polarized ULF waves with frequencies typically between 0.5 and
1.5 Hz, and 2) higher frequency (ELF) fluctuations.

The thin nature of the bow shock and the associated wave
phenomena were important observations which henceforth had to
be considered in theoretical models of the bow shock (Tidman
1967, Tidman and Northrop 1968).

1.1.2 Waves in the Magnetosheath (A-10)
Smith’s search coil magnetometer experiment (A-10) was

particularly well suited for the study of ELF magnetic fluctuations
and it was shown by Smith et al (1967) that 3-300 Hz maggetic
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. 4.2 Performance of Spacecraft Systems

4.2.1 Overall Performance

The longevity and the data output of the various OGO missions
(as summarized by Figure [H-5) provide ample proof that the power,
thermal, and data handling systems functioned extremely well. The
basic spacecraft design for OGO | was sound. and it was used
essentially unchanged {except for minor corrections and modifica-
tions) for the other five OGOs. The OGO spacecraft could also
(and did) yield very useful data in the spin-stabilized back-up mode,
whenever the attitude control system failed to maintain the desired
threc-axis stabilization.

4.2.2 The Attitude Control System

From the technological viewpoint, perhaps the major chaitenge
offered by the OGO design was the stabilization and orientation
requirements. Although--in principle--the pointing accuracies
required of OGO, were not difficult to achieve (they varied from
2 to 5 deg), the three-axis stabilization was difficult to achieve
with the complex configuration and deployment geometry of the
OGO spacecraft.

The stabilization history of the six OGO spacecraft was as
follows: OGO 1 failed to stabilize because of incomplete boom
deployment;: OGO 2 was stabilized for 10 days only, because of
faulty horizon sensors causing premature control gas depletion;
OGO 3 was stabilized for 46 days until a power converter failure
occurred: OGO 4 was stabilized for 18 months; OGO 5 was stabilized
for 41 months; and OGO 6 was stabilized for 24 months, i.e. until
the end of its mission.

The failure to achieve or maintain stabilization on OGO 1. 2,
and 3 was in general traceable to somewhat sophisticated aspects
of design which were very difficult to anticipate and were not
revealed by ground testing. The in-orbit problems were in general
not due to quality control or test oversight; and because of their
complexity, these problems revealed themselves gradually, ie.
following the successive design corrections. Thus the OGO 2 horizon
sensor problems could not be detected, until the OGO 1 deployment
problem was corrected. Similarly, the 10-day OGO 2 atlitude-
controlled operation did not last fong enough to lead to the power
converter failure eventually seen on OGO 3. Once corrected,
however, a given problem never occurred again.

4.3. Summary of Technological Accomplishments

Compared to earlier space investigations, the orbiting geophysi-
cal observatories represent major advances in both precision and
comprehensiveness. The technological accomplishments of the OGO
program include:

(1) near-perfect orbits for all six missions;
© (2) the successful deployment of a very complex spacecraft
configuration in all cases except OGO 1, for which a
partial deployment failure occurred; )

(3) three-axis stabilization accomplished for 10 days on the
second OGO and maintained much longer on
subsequent OGOs;

(4)  the successful simultaneous operation of a large number
of experiments with very different requirements;

(5)  an extremely high information handling capacity;

(6)  a very high reliability of experiments and spacecraft
systems, which, combined with the high data rate,
resulted in a record breaking volume of scientific data:

(7)  the skillful use of backup modes of operation to
overcome in-orbit problems and extend the usefuiness of
a mission.

B. SCIENTIFIC RESULTS
L. OGO 1 Results

Although all the OGO 1 experiments operated in orbit cnd
acquired data. approvimately half of these were severely degraded
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because of the failure of the attitude control system and because
two of the eleven appenduges failed to deploy properly. The
experiments which failed to yield significant results. and the major
reasons for their degraded operations were as follows. Experiments
A-19 (Geocoronal Lyman-Alpha) and A-20 (Gegenschein Pho-
tometry) were critically dependent upon anti-solar orientation.
Experiment A-1 (Solar Cosmic Rays) required solar orientation to
meet its objectives. Experiment A-18 (Radio Astronomy) could not
operate properly because of incomplete antenna deployment. Spin
modulation was very detrimental to experiments A-13 (Planar lon
and Electron Trap), A-16 (Interplanetary Dust Particles). and A-5
(Trapped Radiation and Scintillation Counter). Experiment A-8
(Trapped Radiation Omnidirectional Counter) also suffered from
degraded OGO 1 operation, and although some measurements were
made, the results were not considered of sufficient value for
publication in the open literature. Insufficient protection against
electrical interference led to a very high noise level in the data
from experiment A-4 (Positron Search and Gamma-Ray Spectrum).
Although experiment A-4 has not vet led to any publication, the
data are currently (1975) being re-examined to see if they reveal
any of the recently discovered gamma-ray bursts.

Very significant scientific results were nevertheless obtained with
OGO 1 because:

a)  many of the experiments were not critically dependent
upon specific spacecraft orientation;

b) high-resolution measurements were made possible (for
the first time) by the high data rate of the OGO
telemetry system; and

c) the OGO 1 orbit was very well suited for a detailed
investigation of the magnetosphere, in particular the
magnetopause, magnetosheath. and bow shock (see
Figure I1-2).

1.1 Magnetic Field Experiments

The extensive study of the outer magnetospheric regions "
the two mugnetic field experiments on OGO 1 was a ma r
accomplishment, and the scientific results have been extensive..
quoted in review articles and in textbooks. Historically, magneton: -
ters have provided the most comprehensive coverage of magnet .-
spheric activities, and this was certainly true of the two magnetome:er
experiments on OGO 1, namely Smith’s search coil magnetometer
(Experiment A-10) and Heppner's fluxgate magnetometer (Experi-
ment A-11).

~
1.1.1 Shock Structure (A-11) .
T ’_\ I
From a study of nupferous OGO 1 shock croésings observed
with experiment A-11. Meppner et al (1967) defived @ model of
the average field profilg for a typical shock .cfossing. The shock
thickness was described tn_terms of threg.difiensions. As the shock
is first encountered from the--interptifetary space side, there is a
narrow ‘outer shell” less than 20 km (12 mi) thick where the
interplanetary field becomes slightly disturbed. This is followed by
a second region about 70 km (45 mi) thick where the field changes
rapidly 10 a new level. In the :hird region the field settles gradually
to its magnetosheath value over a distance of about 200 km
(120 mi).

Two classes of field oscillations were frequently observed
superimposed on this average shock structure: 1) coherent circularly
polarized ULF waves with frequencies tvpically between 0.5 and
1.5 Hz, and 2) higher frequency (ELF) fluctuations.

The thin nature of the bow shock and the associated wave
phenomena were important observations which henceforth had to
be considered in theoretical models of the bow shock (Tidman
1967, Tidman and Northrop 1968).

1.1.2 Waves in the Magnetosheath ( A-1¢)

Smith’s search coil magnetometer experiment (A-10) was
particulorly well suited for the study of ELF magnetic fluctuations
and 1t was shown by Smith ¢t al (1967) thit 3-300 Hz magnetic
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noise was present throughout the entire magnetosheath with higher
amplitudes near the boundaries, especially near the shock. It was
found that the power spectral density in the 3- to 300-Hz frequency
range had an inverse cube dependence on frequency. The results
of experiment A-10 extended upward the previous observations,
which had been limited to the 103 to 10" Hz range, and suggested
that a change in frequency dependence occurred somewhere between
0.1 and 1.0 Hz.

1.1.3 Shock and Magnetopause Motions (A-10, A-11, A-2, A-3)

Observations made prior to the OGO 1 launch had revealed
that the shock and magnetopause were capable of considerable
motion. The extent and persistence of this motion became fully
appreciated with the OGO 1 observations which frequently revealed
multiple shock and magnetopause crossings in a single orbit pass.
As many as 15 identifiable magnetopause crossings were observed
on a single OGO I pass. Multiple crossings were observed by
experiments A-10 (Holzer et al, 1966) and A-11 (Heppner et al,
1967) discussed earlier and by experiment A-2 (Wolfe et al, 1966)
to which we will return later. These multiple crossings suggested
an oscillatory motion of the boundaries. The average amplitude,
period, and mean velocity were estimated by Holzer et al, (1966)
to be 1.5 Rg, 60 min., and 10 km/sec (6.2 mi/sec), respectively
for the shock front; and for the magnetopause 0.25 Rg, 20 min.,
and 10 km/sec (6.2 mi/sec), respectively. Heppner et al, (1967)
arrived at similar estimates for the motion of the bow shock, but
concluded that the average velocity of the magnetopause motion
had to be at most 2 km/sec (1.2 mi/sec). This minor disagreement
was probably due to the great variability of the boundary motion
and to the difficulty of defining average parameters, particularly
with a single spacecraft. In any event, these results contributed
new and significant information concerning typical boundary
motions under quiet geomagnetic conditions.

Large-scale motions of the shock that occur during geomag-
netic storms were investigated by Binsack and Vasyliunas (1968),
using data from the OGO 1 Faraday cup experiment (A-3, Bridge)
and simultaneous IMP 1 and IMP 2 observations. The conclusion
was that the large-scale motion is associated with an overall
compression of the entire magnetosphere-magnetosheath system in
response to the enhanced solar wind dynamic pressure.

L.1.4 Mapping of the Dayside Magnetosheath (A-10, A-11)

The OGO 1 orbit (see Fig. 2) made it possible to conduct a
detailed mapping of the dayside magnetosheath over a period of
approximately 6 months. Another accomplishment of experiments
A-10 (Holzer et al, 1966) and A-11 (Heppner et al, 1967) was to
provide the first detailed dusk-to-dawn mapping of the mag-
netosheath. This study revealed the slight 3- to 6-deg misalignment
between the axis of symmetry of the magnetosheath and the
Earth-Sun line, which had been expected from the aberration effect
caused by the orbital motion of the Earth around the Sun.

The magnetopause in the sunward hemisphere was most
typically observed by experiment A-11 (Heppner et al, 1967) as a
smooth transition over a distance of about
comparable to the ion cyclotron radius.

L.15 Nightside Magnetosphere (A-10) 1.9

A number of important observations were made in the
nightside magnetosphere by experiment A-10 (Heppner et al, 1967).
For example, near the magnetopause in the dawn sector and within
geomagnetic latitudes + or - 15 deg, the field was found weaker
than in the transition region, implying that the plasma pressure
had to be greater than the magnetic pressure. In such a region the
magnetopause boundary is poorly defined magnetically and difficult
to identify from field data. Inferences concerning the magnetospheric
plasma were also made, based upon middle latitude data obtained
between 5 and 10 Rg: near midnight, which showed that the magnetic
field was greater than predicted. This was interpreted as being the
result of plasma pressure near the equator at similar distances and
times. To illustrate further the versatility of magnetometer
experiments, one can mention the correlations which were made
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100 km (62 mi),i.e., 2

between the nightside field observations and auroral activities which
led to the conclusion that the onset of a negative bay had to
originate within the closed magnetosphere.

1.2 Low-Energy Plasma Experiments

Some of the most important OGO 1 results were obtained
from experiments designed to investigate low-energy plasmas in
the magnetosphere with energies from thermal up to about 50 keV.
These experiments have produced two notable “firsts,” namely the
first clear identification of the plasmasphere and the first radial
mapping of the plasma sheet.

12.1 Mapping of the Plasmapause (A-15, A-12)

A clear concept of the plasmapause, the envelope or outer-
boundary of the terrestrial ionosphere, did not exist before the
OGO 1 launch. Prior in situ measurements were limited to those
made during two crossings by Soviet lunar vehicles, which showed
that the ionospheric electron density decreased rather abruptly at
middle geomagnetic latitudes at a geocentric distance of about 4
Rg. Strong but indirect evidence for the existence of a sharp decrease,
or ‘knee’, in the equatorial electron density profile at about 4 R,
had been provided by ground-based whistler observations (Carpen-
ter, 1963).

The in situ observations were considerably  widened in scope
and detail through the mass spectrometer measurements on OGO 1
(Experiment A-15, Taylor). Taylor et al,: (1965) described the
observations as revealing ‘a belt of thermal ions that appears to
expand and contract with changes in magnetic activity’. They referred
to ‘an outer boundary characterized by a reduction in both the H
and He concentrations by a factor of 10 or more’ and they also
stated that there was a significant correlation between their findings
and Carpenter’s whistler knee.

Although Taylor et al exercised commendable caution and
restraint in presenting their results, it was obvious that the existence
of Carpenter’s knee was now spectacularly confirmed, not only in
the equatorial plane, but also at other latitudes. It was clearly a
three-dimensional phenomenon, and its geomagnetic control had
been clearly established. The next step was to find a more suitable
name for this new geomagnetic boundary. Carpenter (1966),
hastening the demise of the anthropomorphic Carpenter’s knee
designation, proposed the terms plasmapause for the boundary and
plasmasphere for the region inside. Both terms have now gained
wide acceptance.

Information_concerning the plasmapause was also obtained
with the spherical electrostatic analyzer (SEA) aboard OGO 1
(Experiment A-12, Sagalyn). The results presented by Ahmed and
Sagalyn (1972) are consistent with those from the ion mass
spectrometer (Taylor et al, 1965), although some differences exist.
For example, the densities from the SEA experiment can be greater
by a factor of two or more than the densities from the mass
spectrometer. The SEA measurements showed more fine structure
and greater variability in the sharpness of the plasmapause. The
SEA results, unfortunately, lost much of their value because of
their late publication date (1972). By 1972, a number of additional
plasmapause studies conducted with OGO 3 and OGO 5 had already

" been published.

1.2.2 Mapping of the Plasma Sheet (A-3)

Bame et al (1967), using data from the Vela 2B satellite
(launched 2 months ahead of OGO 1), showed that a plasma sheet
of low-energy electrons stretched across the Earth’s magnetotail
from the dusk-to-dawn boundaries of the magnetosphere. The
Vela data showed that these electrons had a quasi-thermal energy
spectrum peaking anywhere between a few hundred eV and a few
keV. Because of the circular Vela 2B orbit, the observations were
limited to geocentric distances between 15.5 and 20.5 Rg.

The radial extent of the plasma sheet was first revealed by the
OGO 1 Faraday cup data (Experiment A-3, Bridge). These data
were obtained in the evening sector of the magnetosphere, and
they showed that the plasma sheet had an inner boundary,
characterized by a rapid and substantial decrease in electron flux
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noise was present throughout the entire magnetosheath with higher
amplitudes near the boundaries. especially near the shock. It was
found that the power spectral density in the 3- to 300-Hz frequency
range had an inverse cube dependence on frequency. The results
of experiment A-10 extended upward the previous observations.
which had been limited to the 107 to 10" Hz range. and suggested
that a change in frequency dependence occurred somewhere between
0.1 and 1.0 Hz.

1.1.3 Shock and Magnetopause Motions (A-10, A-11, A-2, A-3)

Observations made prior to the OGO 1 launch had revealed
that the shock and magnetopause were capable of considerable
motion. The extent and persistence of this motion became fully
appreciated with the OGO 1 observations which frequently revealed
multiple shock and magnetopause crossings in a single orbit pass.
As many as |3 identifiable magnetopause crossings were observed
on a single OGO 1 pass. Multiple crossings were obscrved by
experiments A-10 (Holzer et al. 1966) and A-11 (Heppner et al,
1967) discussed earlier and by experiment A-2 (Wolfe et al, 1966)
to which we will return later. These multiple crossings suggested
an oscillatory motion of the boundaries. The average amplitude,
period, and mean velocity were estimated by Holzer et al. (1966)
to be 1.5 Rg. 60 min., and 10 km/sec (6.2 mi/sec), respectively
for the shock front: and for the magnetopause 0.25 Rg. 20 min.,
and 10 km/sec (6.2 mi/sec), respectively. Heppner et al, (1967)
arrived at similar estimates for the motion of the bow shock. but
concluded that the average velocity of the magnetopause motion
had to be at most 2 km/sec (1.2 mi/sec). This minor disagreement
was probably due to the great variability of the boundary motion
and to the difficulty of defining average parameters, particularly
with a single spacecraft. In any event, these results contributed
new and significant information concerning typical boundary
motions under quiet gcomagnetic conditions.

Large-scale motions of the shock that occur during geomag-
netic storms were investigated by Binsack and Vasyliunas (1968),
using data from the OGO | Faraday cup experiment (A-3, Bridge)
and simultaneous IMP 1 and IMP 2 observations. The conclusion
was that the large-scale motion is associated with an overall
compression of the entire magnetosphere-magnetosheath system in
response to the enhanced solar wind dynamic pressure.

1.1.4 Mapping of the Dayside Magnetosheath ( A-10, A-11)

The OGO 1 orbit (see Fig. 2) made it possible to conduct a
detailed mapping of the dayside magnetosheath over a period of
approximately 6 months. Another accomplishment of experiments
A-10 (Holzer et al. 1966) and A-11 (Heppner et al, 1967) was to
provide the first detailed dusk-lo-dawn mapping of the mag-
netosheath. This study revealed the slight 3- to 6-deg misalignment
between the axis of symmetry of the magnetosheath and the
Earth-Sun line. which had been expected from the aberration effect
caused by the orbital motion of the Earth around the Sun.

The magnetopause in the sunward hemisphere was most
typically observed by experiment A-11 (Heppner et al, 1967) as a
smooth transition over a distance of about 100 km (62 mi). iec.
comparable to the ion cyclotron radius.

L.15 Nightside Magnetosphere (A-10)

_ A _number of important observations were made in the
nightside magnetosphere by experiment A-10 (Heppner et al, 1967).
For example, near the magnetopause in the dawn sector and within
geomagnetic latitudes « or - 15 deg, the ficld was found weaker
than in the transition region, implying that the plasma pressure
had to be greater than the magnetic pressure. In such a region the
magnetopause boundary is poorly defined magnetically and ditficult
Lo identify from field data. Inferences concerning the magnetospheric
plasma were also made, based upon middle fatitude data obiuined
hetween S and 10 R near midnight, which showed that the magnetic
field was greater than prcdiclcd. This was interpreted as being the
rr;sull of plasma pressure near the equator at similar distances and
times. To illustrate further the versatility of magnetometer
Cxperiments, one can mention the correlations which were made
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between the nightside field observations and auroral activities which
led 10 the conclusion that the onset of a negative bay had to
originate within the closed magnetosphere.

1.2 Low-Energy Plasma Experiments

Some of the most important OGO 1 results were obtained
from experiments designed to investigate low-energy plasmas in
the magnetosphere with energies from thermal up to about 50 keV.
These experiments have produced two notable “firsts,” namely the
first clear idemtification of the plasmasphere and the first radial
mapping of the plasma sheet.

1.2.1 Mapping of the Plasmapause (A-15, A-12)

A clear concept of the plasmapause, the envelope or outer-
boundary of the terrestrial ionosphere, did not exist before the
OGO 1 launch. Prior in situ measurements were limited to those
made during two crossings by Soviet lunar vehicles, which showed
that the ionospheric electron density decreased rather abruptly at
middle geomagnetic latitudes at a geocentric distance of about 4
Rg. Strong but indirect evidence for the existence of a sharp decrease,
or ‘knee’, in the equatorial electron density profile at about 4 R
had been provided by ground-based whistler observations (Carpen-
ter, 1963).

The in situ observations_were~eomst —~
and detail through the mass spectrometer measureme
(Experiment A-15, Tawyfor). Taylor et al (1965) des¢ribed the
observations as revealing_‘a belt of thermal ions thay’appears to
expand and contract with claages in magnetic aglisiy’™ They referred
to *an outer boundary characterized By @ reduction in both the H
and He concentrayy of 10 or more’ and they a «»

ned in scope

and Carpentes’s whiStier knee. >
Taylor et al @O

of Carpenter?
the equatorial p dlso at other latitudes. It was clearly
three-dimensional phenomenon, and its geomagnetic control F ..
been clearly established. The next step was to find a more suita - .
name for this new geomagnetic boundary. Carpenter (196:,.
hastening the demise of the anthropomorphic Carpenter’s krce
designation, proposed the terms plasmapause for the boundary and
plasmasphere for the region inside. Both terms have now gained
wide acceptance.

Information concerning the plasmapause was also obtained
with the spherical electrostatic analyzer (SEA) aboard OGO 1
(Experiment A-12, Sagalyn). The results presented by Ahmed and
Sagalyn (1972) are consistent with those from the ion mass
spectrometer (Tavlor et al, 1963), although some differences exist.
For example, the densities from the SEA experiment can be greater
by a factor of two or more than the densitics from the mass
spectrometer. The SEA measurements showed more fine structure
and greater variability in the sharpness of the plasmapause. The
SEA resuits, unfortunately, lost much of their value because of
their late publication date (1972). By 1972, a number of additional
plasmapause studies conducted with OGO 3 and OGO § had already
been published.

1.2.2 Mapping of the Plasma Sheet (A-3)

Bame et al (1967). using data from the Vela 2B satellite
(launched 2 months ahead of OGO 1), showed that a plasma sheet
of low-energy electrons stretched across the Earth's magnetotail
from the dusk-to-dawn boundaries of the magnetosphere. The
Vela data showed that these electrons had a quasi-thermal energy
spectrum peaking anywhere between a few hundred eV and a few
keV. Because of the circular Vela 2B orbit, the observations were
limited to geocentric distances between 15,3 and 20.5 Ry

The radial extent of the plasma sheet was first revealed by the
OGO ! Furaday cup data (Experiment A-3, Bridge). These data
were obtained in the evening sector of the muagnetosphere, and
they showed that the. plasma sheet had an inner boundary,
characterized by a rapid and substantial decrease in electron flux
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and electron energy in the Earth’s direction (Vasyliunas, 1968a).
The inner boundary was typically found at 111 REg under
geomagnetically quiet conditions, and at 7=1 Rg under disturbed
(storm) conditions. The existence of a sharp, well-defined inner
boundary was a remarkable and unexpected feature; it showed
conclusively that the plasma sheet and the radiation belt were distinct
entities, each containing its own particle population.

1.2.3 Investigation of the Magnetosheath Plasma (A-2)

The general characteristics of the magnetosheath emerged very
gradually during the 1959 to 1963 period from data obtained by
many spacecraft (Luna 1, 2, and 3; Explorer 10, 12, and 14; IMP
1, etc.). By 1964, it was known that the magnetosheath plasma
was significantly hotter than the solar wind and that its energy
spectrum measured in the spacecraft coordinate system was much
broader than the more nearly mono-energetic solar  wind
spectrum. Some disagreement existed, however, concerning the extent
of plasma flow (if any) in the magnetosheath.

Results obtained with the Ames plasma probe on OGO |
(Experiment A-2, Wolfe) provided qualitative information which
helped clarify the earlier findings, due partly to improved resolution
(100 to 19,000 eV in 30 steps) and partly to the opportunity of
making simultaneous measurements from several spacecraft at widely
separated locations. The plasma probe on OGO 1 (Wolfe et al,
1966) showed that the magnetosheath plasma was flowing around
the magnetopause at a velocity at least one-half that of the solar
wind. Comparisons between similar Ames probes on OGO | and
IMP 2 (Wolfe et al, 1966) showed that the plasma temperature in
the transition region was about an order of magnitude greater
than the plasma temperature in nearby interplanetary space. Finally,
by comparing observations made within a relatively short time
interval inside the magnetosheath by the Ames plasma probes on
OGO 1 and IMP 2 with observations made by the Los Alamos
Scientific Laboratory on Vela 2B, it was shown (Wolfe et al, 1966)
that plasma characteristics were remarkably uniform throughout
the magnetosheath (for a given interplanetary solar wind
condition).

Because of the clear and prompt presentation of the data by
Wolfe et al (1966), the above observations have been quoted
extensively in review articles. In many cases these reviews included
also a reproduction of the energy spectra which Wolfe et al (1966)
used to illustrate their findings.

1.3 Energetic Particle Measurements

Another group of experiments which contributed significantly
to the success of the OGO 1 mission was concerned with the
measurement of particles having energy typically in the range 0.1
to 100 MeV. These included experiments to investigate cosmic rays
(galactic and solar) and the trapped radiation belts.

Some of the major scientific results of the OGO 1 mission
were obtained with the electron spectrometer and ionization
chamber experiments from the University of Minnesota {Experiment
A-9, Winckler). In this case, however, it is often difficult to make
a clear distinction between the OGO 1 results and the results from
identical experiments on OGO 3, because Winckler and his colleagues
treated the two sets of data as one continuous set of observations
for the period September 1964 to July 1968. Since the OGO 1
data base was the most extensive (4 years of OGO | data compared
to 2 years of OGO 3 data), it seems appropriate to include this
topic under the OGO 1 results.

1.3.1 Radiation Belt Studies (A-9)

The magnetic deflection electron spectrometer on OGO 1 was
the first instrument to measure the electron spectrum of the inner
radiation zone without bremsstrahlung and proton contamination.

The early OGO 1 observations revealed a pronounced slot in the.

energetic electron distribution near L = 3, presumably enhanced
because of sunspot minimum, and most clearly seen because of
improved directional and energy selection, (Pfitzer et al, 1966).
The extended data coverage (provided by OGO 1 and OGO 3)
made possible a definitive study of the long term variation of the
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electron population in the inner radiation zone (Pfitzer and Winckler,
1968).

The natural injection of electrons into the inner zone was
observed for the first time following the solar event of September
2, 1966 (Pfitzer and Winckler, 1968). It was shown that following
large magnetic storms subsequent to solar flares, natural increases
of one order of magnitude of the electron fluxes between 40 keV
and 700 keV can appear far into the heart of the inner zone.
Pfitzer (1972) also investigated the time history of the inner-zone
flux intensity (following natural or artificial injections) and
showed that the depletion could be explained quantitatively by the
radial diffusion theory.

A unique study (Pfitzer, 1972) made possible by the varying
orbit inclination of OGO 1 and OGO 3 was the study of the
high-energy trapping boundary. The OGO 1 and OGO 3 satellites
experienced a gradual increase in their orbit inclination from nearly
equatorial at launch to nearly polar several years later. Thus, the
complete high-energy trapping boundary could be sampled during
the lifetime of the satellite, and a full three-dimensional survey of
the radiation belt could be carried out. An interesting result ‘was
the observation that the trapping boundary was relatively insensitive
to magnetic activity. The ionization chamber was used to map the
trapping boundary because this instrument had a sensitivity
threshold several orders of magnitude lower than that of the electron
spectrometer.

Because of its high quality and extensive time (and space)
coverage, the University of Minnesota data are the best source of
information for the radiation zone particle population during the
period September 1964 to July 1968. These data were made available
to NSSDC, and they were used extensively for studies of the radiation
belt. For example, the AE-5 model (Teague and Vette, 1972) is
based largely upon the OGO 1 and OGO 3 electron spectrometer
data provided to NSSDC by Professor Winckler.

1.3.2 Solar X-rays and Total Radiation in Space (A-9)

The University of Minnesota ionization chamber was a
multi-purpose instrument which could be used to monitor a wide
variety of radiation. A major study was made with this instrument
of the solar X-ray and radio emission correlations (Arnoldy et al,
1968). Using OGO 1 and OGO 3 data approximately thirty X-ray
events associated with solar flares were investigated between
September 5, 1965 and June 20, 1966. This study made more certain
than ever the close relationship between X-ray bursts and microwave
(and a lack of correlation with metric bursts). A new result of this
study was the finding of an approximate proportionality between
the X-ray and radio emission over a limited range of radio frequencies
and for a portion of the energetic X-ray spectrum.

The total radiation in space was monitored with the jonization
chamber on OGO 1 and OGO 3 at distances varying from 15 to
25 earth radii. A most intriguing phenomenon observed was the
solar cycle ‘hysteresis’ effect on galactic cosmic-ray modulation,
characterized by the high-energy particles dropping first with the
onset of new solar activity and the low energy particles afterward
(Kane and Winckler, 1969).

133 Cosmic-ray Spectra and Fluxes (A-7, A-6)

The cosmic-ray experiment from the University of Chicago
(Experiment A-7, Simpson) extended the knowledge of cosmic-ray
spectra and fluxes to the previously unexplored energy region below
200 MeV per nucleon. This work led to the first precise determination
of the low-energy fluxes of proton and alpha particles in the energy
range of 2 to 20 MeV/nucleon under ‘quiet’ solar conditions (Fan
et al, 1965). Of particular interest also was the investigation by
the University of Chicago experimenters of the energetic proton
streams which co-rotate with the Sun (Fan et al, 1965). This led
to the discovery of a helium component, continuously associated
with the protons, with an energy spectrum of E2 MeV/nucleon in
the energy range 2 to 20 MeV/nucleon. It was also found that the
proton flux was not confined to the co-rotating regions, as previously
believed, but was instead present at all times with lower intensity
and different spectra.

Another significant first was the measurement of the relative
abundances of the low-energy (30 to 300 MeV/nucleon) stripped
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nuclei in the cosmic radiation (Comstock et al, 1966). These
measurements of cosmic ray composition and fluxes at low energy
have provided new and important constraints on hypotheses for
the origin of galactic cosmic radiation.

Experiment A-6(McDonald) on OGO 1 yielded cosmic-ray
composition data (Balasubrahmanyan etal,; 1966) in agreement
with those of Comstock et al (1966). The data from experiment
A-6 were of poorer quality, however, having suffered some
degradation from the failure of boom EP-6 to deploy and clear
the cosmic-ray telescope.

1.4 Radio Physics Experiments

The OGO 1 mission also led to some significant progress in
Radio Physics, a discipline which includes a number of research
activities based upon the propagation of radio waves in ionized
media. The OGO 1 experiments belonging to this discipline were
the VLF studies, the ionospheric profile measurements, and the
radio astronomy investigations.

1.4.1. VLF Investigations (A-17)

The OGO 1 satellite was the first to provide VLF data
(Experiment A-17, Helliwell) at altitudes of 6,000 - 12,000 km (3,700
to 7,400 mi) and at magnetic latitudes of 15 - 30 deg, a region
previously unexplored by vehicles carrying VLF receivers. These
data revealed a number of phenomena which could not or had
not been observed at lower altitudes.

Two new types of non-ducted whistlers were discovered and
interpreted, the MR and the Nu whistlers (Smith and Angerami,
1968). It was shown that the magnetospherically reflected (MR)
whistler results from dispersive propagation of lightning energy in
the magnetosphere. The MR whistlers usually exhibit multiple traces
due to successive reflections in the magnetosphere. The Nu whistler,
which derived the name from its resemblance to the Greek letter
v, is a2 modified MR whistler. The minimum ‘cross-over’ frequency
of the Nu whistler was found to be related to the electron density
near the satellite, a result which offered possibilities for studying
the properties of the ambient medium.

The OGO 1 data have also provided the first in situ
observations of whistler ducts. Near L = 3, the equatorial separation
between ducts ranged from 50 to 500 km, (31 to 310 mi) and the
equatorial thicknesses were about 400 km (250 mi) according to
Smith and Angerami (1968).

Three distinct types of noise were discovered in the OGO |
data and .studied in detail: banded chorus, high-pass noise, and
broadband noise. From their study of the banded chorus, Burtis
and Helliwell (1969) concluded that these discrete emissions are
generated inside the magnetosphere beyond the plasmapause and
near the equatorial plane.

A survey of VLF noise observed by OGO 1 was carried out
over the first hundred orbits. The region surveyed includes all
local times and the range of dipole latitude from 0 to 50 degrees.
It was found that high-pass and broadband noise occur primarily
in the dark hemisphere (Dunckel et al, 1970), whereas
whistler-mode (audio-frequency) noise occurs mainly near the noon
meridian (Dunckel and Helliwell, 1969).

The upper frequency of the VLF receiver on OGO 1 (100
kHz) was too low to reach the peak of the high-pass noise. It has
been shown more recently (Gurnett, 1974) that the high-pass noise
discovered on OGO 1 extends up to 500 kHz with a peak near
200 kHz. Because of the intensity of this emission, the Earth is a
significant planetary radio source.

1.4.2 Protonospheric Electron Density Profiles (A-14)

The OGO 1 propagation experiment (A-14 Hargreaves) was
the first attempt to measure the electron concentrations in the
protonosphere* by a combination of Faraday and differential
Doppler measurements. In spite of experiment degradation caused
by the failure to achieve three-axis stabilization, a few electron

* The upper region of the terrestrial ionosphere where H+ is the predominant ionic;

constituent is sometimes called the protonosphere. At midlatitudes, this would'.
correspond typically 1o altitudes greater than 2000 km.
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density profiles were obtained by da Rosa and Garriott (1969)
during the early months of the OGO 1 mission, at altitudes between
6,000 and 15,000 km (3,700 to 9,300 mi).

2. OGO 2 Results

The failure of the OGO 2 spacecraft attitude control, 10 days
after launch, had a crippling effect on at least 12 of the 20 OGO
2 experiments. Proper orientation was an essential requirement for
the two solar monitoring experiments (C-20 and C-21), for the
radio astronomy experiment (C-01), for the three photometric
experiments  (C-12, C-13, and C-14), for three in-situ
atmosphere/ionosphere experiments (C-15, C-16, and C-19), for two
cosmic-ray experiments (C-08 and C-09), and for one directional
trapped particle experiment (C-11). Experiment C-17, also
critically dependent upon proper attitude, failed at launch and
experiment C-18 yielded no useful data because its design was based
upon incorrect dust particle information, causing the sensitivity
threshold to be set much too high. The data from the magnetic
field experiment C-05 were of very poor quality because of spacecraft
spin.

Thus 10 days after launch, 15 of the OGO 2 experiments were
either severely handicapped or completely useless. Much effort was
spent trying to extract useful information from some of these
experiments, but these attempts were eventually abandoned
because of the difficulties involved* and because the experimenters
could accomplish much more with their very successful (but otherwise
identical) OGO 4 experiments. Thus in many cases the OGO 2
data analysis effort was transferred to OGO 4.

As a result of the OGO 2 attitude control failure, the OGO
program failed to provide the planned measurements in the
terrestrial atmosphere and lower ionosphere under conditions of
minimum and rising solar activities. Although only 21 months
separated the OGO 2 and OGO 4 launches, the solar activity rose
during this period from its minimum value to 83 percent of its
maximum vajue. The OGO 4, 5, and 6 missions were all conducted
under conditions of sunspot maximum, and when the OGO program
was terminated, the next solar minimum was still at least 3 years
away. The current ISIS 2 and AE-C missions began in late 1974
to provide some of the ‘near sunspot minimum’ measurements which
OGO 2 had failed to obtain in late 1965 and early 1966.

A number of important results were nevertheless obtained by
some of the attitude sensitive OGO 2 experiments during the first
10 days of operation while three-axis stabilization was maintained,
particularly in the case of experiments performed for the first time
where even a few hours of good data could provide valuable new
scientific information. In most cases the attitude sensitive
experiments operated long enough with proper orientation to check
their in-orbit performance and to discover design deficiencies, if
any, which were subsequently corrected for the OGO 4
instrumentation. Thus the technological information obtained from
the OGO 2 flight experience was an important factor in the overall
success of the OGO 4 mission.

A considerable amount of scientific information was obtained,
however, from a number of experiments for which attitude was
not critical; namely the magnetic field measurements, the VLF
studies, and the omnidirectional cosmic-ray investigations. The
various scientific accomplishments of the OGO 2 mission will be
summarized by disciplines using the same order as was used for
OGO 1, and adding new disciplines afterwards, as required.

2.1 Magnetic Field Experiments
2.1.1 World Magnetic Survey (C-06)

One of the major goals of the IQSY cooperation was the
measurement of the Earth’s main magnetic field on a global basis.
To carry out this World Magnetic Survey, the routine ground-based
monitoring at fixed locations was supplemented by aircraft, surface
ship, and satellite measurements. Magnetic surveys by satellites were
given additional importance by being designated as one of the
three areas of peaceful cooperation in outer space between the

*

may also have been due to data processing difficulties,

The lack of 5ournal publications from the low energy particle experiment C-10 ‘

<
o
8?
3 .
SO
o
-“
-
—
O
-~
fa




OVERVIEW

nuclei in the cosmic radiation (Comstock et al, 1966). These
measurements of cosmic ray composition and fluxes at low energy
have provided new and important constraints on hypotheses for
the origin of galactic cosmic radiation.

Experiment A-6(McDonald) on OGO 1 yielded cosmic-ray
composition data (Balasubrahmanyan etal,i(1966) in agreement
with those of Comstock et al (1966). The“data from experiment
A-6 were of poorer quality, however, having suffered some
degradation from the failure of boom EP-6 to deploy and clear
the cosmic-ray telescope.

1.4 Radio Physics Experiments

The OGO 1 mission also led to some significant progress in
Radio Physics, a discipline which includes a number of research
activities based upon the propagation of radio waves in ionized
media. The OGO 1 experiments belonging to this discipline were
the VLF studies, the ionospheric profile measurements, and the
radio astronomy investigations.

1.4.1. VLF Investigations (A-17)

The OGO 1 satellite was the first to provide VLF data
(Experiment A-17, Helliwell) at altitudes of 6,000 - 12,000 km (3,700
to 7,400 mi) and at magnetic latitudes of 15 - 30 deg, a region
previously unexplored by vehicles carrying VLF receivers. These
data revealed a number of phenomena which could not or had
not been observed at lower altitudes.

Two new types of non-ducted whistlers were discovered and
interpreted, the MR and the Nu whistlers (Smith and Angerami,
1968). It was shown that the magnetospherically reflected (MR)
whistler results from dispersive propagation of lightning energy in
the magnetosphere. The MR whistlers usually exhibit multiple traces
due to successive reflections in the magnetosphere. The Nu whistler,
which derived the name from its resemblance to the Greek letter
v, is a modified MR whistler. The minimum ‘cross-over® frequency
of the Nu whistler was found to be related to the electron density
near the satellite, a result which offered possibilities for studying
the properties of the ambient medium.

The OGO 1 data have also provided the first in situ
observations of whistler ducts. Near L = 3, the equatorial separation
between ducts ranged from 50 to 500 km, (31 to 310 mi) and the
equatorial thicknesses were about 400 km (250 mi) according to
Smith and Angerami (1968).

Three distinct types of noise were discovered in the OGO |
data and studied in detail: banded chorus, high-pass noise, and
broadband noise. From their study of the banded chorus, Burtis
and Helliwell (1969) concluded that these discrete emissions are
generated inside the magnetosphere beyond the plasmapause and
near the equatorial plane.

. A survey of VLF noise observed by OGO 1 was carried out
over the first hundred orbits. The region surveyed includes all
local times and the range of dipole latitude from 0 to 50 degrees.
It was found that high-pass and broadband noise occur primarily
in the dark hemisphere (Dunckel et al, 1970), whercas
whistler-mode (audio-frequency) noise occurs mainly near the noon
meridian (Dunckel and Helliwell, 1969).

The upper frequency of the VLF receiver on OGO | (100
kHz) was too low to reach the peak of the high-pass noise. It has
been shown more recently (Gurnett, 1974) that the high-pass noise
discovered on OGO 1 extends up to 500 kHz with a peak near
200 kHz. Because of the intensity of this emission, the Earth is a
significant planetary radio source.

1.4.2 Protonospheric Electron Density Profiles (A-14)

The OGO 1 propagation experiment (A-14 Hargreaves) was
the first attempt to measure the electron concentrations in the
protonosphere* by a combination of Faraday and differential
Doppler measurements. In spite of experiment degradation caused
by the failure to achieve three-axis stabilization, a few electron

* The upper region of the terrestrial ionosphere where H+ is the predominant ionic

constituent is sometimes called the prot phere. At midlatitudes, this would
correspond typically to altitudes greater than 2000 km.
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density profiles were obtained by da Rosa and Garriott (1969)
during the early months of the OGO 1 mission, at altitudes between
6,000 and 135,000 km (3,700 to 9,300 mi).

2. OGO 2 Results

The failure of the OGO 2 spacecraft attitude control, 10 days
after launch, had a crippling effect on at least 12 of the 20 OGO
2 experiments. Proper orientation was an essential requirement for
the two solar monitoring experiments (C-20 and C-21), for the
radio astronomy experiment (C-01), for the three photometric
experiments (C-12, C-13, and C-14), for three in-situ
atmosphere/ionosphere experiments (C-15, C-16, and C- 19), for two
cosmic-ray experiments (C-08 and C-09), and for one directional
trapped particle experiment (C-11). Experiment C-17, also
critically dependent upon proper attitude, failed at launch and
experiment C-18 yielded no useful data because its design was based
upon incorrect dust particle information, causing the sensitivity
threshold to be set much too high. The data from the magnetic
field experiment C-05 were of very poor quality because of spacecraft
spin.

P Thus 10 days after launch, 15 of the OGO 2 experiments were
either severely handicapped or completely useless. Much effort was
spent trying to extract useful information from some of these
experiments, but these attempts were eventually abandoned
because of the difficulties involved* and because the experimenters
could accomplish much more with their very successful (but otherwise
identical) OGO 4 experiments. Thus in many cases the OGO 2
data analysis effort was transferred to OGO 4.

As a result of the OGO 2 attitude control failure, the OGO
program failed to provide the planned measurements in the
terrestrial atmosphere and lower ionosphere under conditions of
minimum and rising solar activities. Although only 21 months
separated the OGO 2 and OGO 4 launches, the solar activity rose
during this period from its minimum value to 83 percent of its
maximum value. The OGO 4, 5, and 6 missions were all conducted
under conditions of sunspot maximum, and when the OGO program
was terminated, the next solar minimum was still at least 3 years
away. The current ISIS 2 and AE-C missions began in late 1974
to provide some of the ‘near sunspot minimum’ measurements which
OGO 2 had failed to obtain in late 1965 and early 1966,

A number of important results were neverthéless obtained by
some of the attitude sensitive OGO 2 experiments during the first
10 days of operation while three-axis stabilization was maintained,
particularly in the case of experiments performed for the first time
where even a few hours of good data could provide valuable new
scientific information. In most cases the attitude sensitive
experiments operated long enough with proper orientation to check
their in-orbit performance and to discover design deficiencies, if
any, which were subsequently corrected for the OGO 4
instrumentation. Thus the technological information obtained from
the OGO 2 flight experience was an important factor in the overall
success of the OGO 4 mission.

A considerable amount of scientific information was obtained,
however, from a number of experiments for which attitude was
not critical; namely the magnetic field measurements, the VLF
studies, and the omnidirectional cosmic-ray investigations. The
various scientific accomplishments of the OGO 2 mission will be
summarized by disciplines using the same order as was used for
OGO 1, and adding new disciplines afterwards, as required.

2.1 Magnetic Field Experiments
2.1.1 World Magnetic Survey (C-06)

One of the major goals of the IQSY cooperation was the
measurement of the Earth’s main magnetic field on a global basis.
To carry out this World Magnetic Survey, the routine ground-based
monitoring at fixed locations was supplemented by aircraft, surface
ship, and satellite measurements. Magnetic surveys by satellites were
given additional importance by being designated as one of the
three areas of peaceful cooperation in outer space between the

* The lack of ;iournal publications from the low energy particle experiment C-10 ‘
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nuclei in the cosmic radiation (Comstock et al, 1966). These
measurements of cosmic ray compositiop.e at low energy
have provided new and importgaiscG Rotheses for
the origin of galactic cosmic rgdiation.

Experiment A-6(McDonfild) on OGO 1 yielded fkosmic-ray
composition data (Balasubrahmanyan et al (1966))in/agreement
with those of Comstock et a{,(1966). The data from/ experiment
A-6 were of poorer quality\ however, having sptfered some
degradation from the failure of boom EP-6 to_d€ploy and clear
the cosmic-ray telescope.

1.4 Radio Physics Experiments

The OGO | mission also led to some significant progress in
Radio Physics, a discipline which includes a number of research
activities based upon the propagation of radio waves in ionized
media. The OGO 1 experiments belonging to this discipline were
the VLF studies, the ionospheric profile measurements, and the
radio astronomy investigations.

1.4.1. VLF Investigations (A-17)

The OGO 1 satellite was the first to provide VLF data
(Experiment A-17, Helliwell) at altitudes of 6,000 - 12,000 km (3,700
to 7,400 mi) and at magnetic latitudes of 15 - 30 deg, a region
previously unexplored by vehicles carrying VLF receivers. These
data revealed a number of phenomena which could not or had
not been observed at lower altitudes,

Two new types of non-ducted whistlers were discovered and
interpreted, the MR and the Nu whistlers (Smith and Angerami,
1968). It was shown that the magnetospherically reflected (MR)
whistler results from dispersive propagation of lightning energy in
the magnetosphere. The MR whistlers usually exhibit multiple traces
due to successive reflections in the magnetosphere. The Nu whistler,
which derived the name from its resemblance to the Greek letter
v, is a modified MR whistler. The minimum ‘cross-over’ frequency
of the Nu whistler was found to be related to the electron density
near the satellite, a resuit which offered possibilities for studying
the properties of the ambient medium.

The OGO 1 data have also provided the first in situ
observations of whistler ducts. Near L = 3, the equatorial separation
between ducts ranged from 50 to 500 km, (31 to 310 mi) and the
equatorial thicknesses were about 400 km (250 mi) according to
Smith and Angerami (1968).

Three distinct types of noise were discovered in the OGO 1
data and studied in detail: banded chorus, high-pass noise, and
broadband noise. From their study of the banded chorus, Burtis
and Helliwell (1969) concluded that these discrete emissions are
gencrated inside the magnetosphere beyond the plasmapause and
near the equatorial plane.

~ A survey of VLF noise observed by OGO 1 was carried out
over the first hundred orbits. The region surveyed includes all
local times and the range of dipole latitude from 0 to 50 degrees.
It was found that high-pass and broadband noise occur primarily
in the dark hemisphere (Dunckel et al, 1970), whereas
whistler-mode (audio-frequency) noise occurs mainly near the noon
meridian (Dunckel and Helliwell, 1969).

The upper frequency of the VLF receiver on OGO 1 (100
kHz) was too low to reach the peak of the high-pass noise. It has
been shown more recently (Gurnett, 1974) that the high-pass noise
discovered on OGO 1 extends up to 500 kHz with a peak near
200 kHz. Because of the intensity of this emission, the Earth is a
significant planetary radio source.

142 Protonospheric Electron Density Profiles (A-14)

The OGO 1 propagation experiment (A-14 Hargreaves) was
the first attempt to measure the electron concentrations in the
protonosphere* by a combination of Faraday and differential
Doppler measurements. In spite of experiment degradation caused

by the failure to achieve three-axis stabilization, a'few electron

* The upper region of the terrestrial ionosphere where H+ is the predominant ionic\

constituent is sometimes called the protonosphere. At midlatitudes, this would
correspond typically to altitudes greater than 2000 km.

111-10

density profiles were obtained by da Rosa and Garriott (1969)
during the early months of the OGO 1 mission, at altitudes between
6,000 and 15,000 km (3,700 to 9,300 mi).

2. OGO 2 Results

The failure of the OGO 2 spacecraft attitude control, 10 days
after launch, had a crippling effect on at least 12 of the 20 OGO
2 experiments. Proper orientation was an essential requirement for
the two solar monitoring experiments (C-20 and C-21), for the
radio astronomy experiment (C-01), for the three photometric
experiments (C-12, C-13, and C-14), for three in-situ
atmosphere/ionosphere experiments (C-15, C-16, and C-19), for two
cosmic-ray experiments (C-08 and C-09), and for one directional
trapped particle experiment (C-11). Experiment C-17, also
critically dependent upon proper attitude, failed at launch and
experiment C-18 yielded no useful data because its design was based
upon incorrect dust particle information, causing the sensitivity
threshold to be set much too high. The data from the magnetic
field experiment C-05 were of very poor quality because of spacecraft
spin.

Thus 10 days after launch, 15 of the OGO 2 experiments were
either severely handicapped or completely useless. Much effort was
spent trying to extract useful information from some of these
experiments, but these attempts were eventually abandoned
because of the difficulties involved* and because the experimenters
could accomplish much more with their very successful (but otherwise
identical) OGO 4 experiments. Thus in many cases the OGO 2
data analysis effort was transferred to OGO 4.

As a result of the OGO 2 attitude control failure, the OGO
program failed to provide the planned measurements in the
terrestrial atmosphere and lower ionosphere under conditions of
minimum and rising solar activities. Although only 21 months
separated the OGO 2 and OGO 4 launches, the solar activity rose
during this period from its minimum value to 83 percent of its
maximum value. The OGO 4, 5, and 6 missions were all conducted
under conditions of sunspot maximum, and when the OGO program
was terminated, the next solar minimum was still at least 3 years
away. The current ISIS 2 and AE-C missions began in late 1974
to provide some of the ‘near sunspot minimum’ measurements which
OGO 2 had failed to obtain in late 1965 and early 1966.

A number of important results were nevertheless obtained by
some of the attitude sensitive OGO 2 experiments during the first
10 days of operation while three-axis stabilization was maintained,
particularly in the case of experiments performed for the first time
where even a few hours of good data could provide valuable new
scientific information. In most cases the attitude sensitive
experiments operated long enough with proper orientation to check
their in-orbit performance and to discover design deficiencies, if
any, which were subsequently corrected for the OGO 4
instrumentation. Thus the technological information obtained from
the OGO 2 flight experience was an important factor in the overall
success of the OGO 4 mission.

A considerable amount of scientific information was obtained,
however, from a number of experiments for which attitude was
not critical; namely the magnetic field measurements, the VLF
studies, and the omnidirectional cosmic-ray investigations. The
various scientific accomplishments of the OGO 2 mission will be
summarized by disciplines using the same order as was used for
OGO 1, and adding new disciplines afterwards, as required.

2.1 Magnetic Field Experiments
2.1.1 World Magnetic Survey (C-06)

One of the major goals of the IQSY cooperation was the
measurement of the Earth’s main magnetic field on a global basis.
To carry out this World Magnetic Survey, the routine ground-based
monitoring at fixed locations was supplemented by aircraft, surface
ship, and satellite measurements. Magnetic surveys by satellites were
given additional importance by being designated as one of the
three areas of peaceful cooperation in outer seace between the
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U. S. and the U.S.S.R.* Experiment C-06 (Cain) was selected for
OGO 2 as the U.S. space contribution to the [QSY World Magnetic
Survey and to the cooperative venture between the U.S. and the
US.S.R. It was therefore particularly gratifying that experiment
C-06 turned out to be one of the few successful OGO 2 experiments.
The objectives of experiment C-06 were fully met and the resulting
data led to a description of the geomagnetic field improved by an
order of magnitude over previous models (Cain et al, 1967). It
was also shown that a globally accurate description of the main
terrestrial field could be maintained using only satellite data. A
comparison of OGO 2 and U.S.S.R. results in the region of the
Brazilian anomaly showed excellent agreement (Cain et al, 1968).

2.1.2. Secular Field Variations (C-06)

OGO 2 data were also used in conjunction with older survey
data to define the gross secular change of the main field during
the first half of this century. It was shown by Cain and Hendricks
(1969) that the main dipole was drifting westward at an increasing
rate (0.07°/year in 1969) after a reversal of its eastward drift in
about 1920. A slight slowing of the rate of decrease of the dipole
moment was also observed.

2.1.3 Magnetic Storm Studies (C-06)

OGO 2 studies by Langel and Cain (1968) of the first major
sequence of magnetic storms since the solar minimum in March
1966 resulted in information on the structure of polar ionospheric
electrojets and the asymmetric ring current. The polar electrojets
were seen to follow the classical ‘two-cell’ model and be definitely
located at ionospheric altitudes. The source of the lower-latitude
disturbance was seen to be extra-ionospheric both in its symmetric
(Dst) and asymmetric (DS) components. The strong polar currents
were seen to follow contours of L, to appear prior to the main
phase of the magnetic storm, and almost to vanish at the beginning
of the recovery phase when the ring current became symmetric,
An extension of this study was published by Langel and Sweeney
(1971).

2.2 Low-Energy Plasma Experiments
2.2.1 Global Sampling of lon Composition (C-16)

Excellent data were acquired by experiment C-16 (Taylor)
from October 14 to 24, 1965, while three-axis stabilization was
maintained. These data yielded the first detailed description of the
latitudinal variation of the ion composition, and it provided evidence
of strong solar and geomagnetic control of the topside ionosphere
and plasmasphere (Taylor et al, 1968b). These measurements made
in a dawn-dusk orbit showed that in the altitude range of 415-1525
km (260-950 mi) the major ions were O'+. and H+, and the minor
constituents were N+ and He+. Solar control was revealed by the
latitudinal asymmetry in the distribution of O'+,and N+, while the
greater symmetry in the distribution of H+ and He+ was evidence
of the strong solar-geomagnetic control of the light ions.

2.2.2. The High Latitude Plasmapause (C-16, C-02)

Experiment C-16 also revealed a pronounced light ion trough
near 60 deg invariant latitude (L = 4) corresponding to the high
latitude boundary of the plasmasphere. The light ion trough was
found to correlate extremely well (Taylor et al, 1969) with similar
rapid reductions in the propagation of both man-made and natural
VLF signals received at the satellite by experiment C-02
(Helliwell),

2.3 Energetic Particle Measurements

+The ionization chamber used for experiment C-07 (Anderson)
had an isotropic response to incident radiation éxcept for 2
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percent of 4x steradians subtended by the OGO body and ion
chamber neck. This omnidirectional characteristic made experiment
C-07 insensitive to spacecraft orientation. During its 6 months of
opcraiion, experiment C-07 provided a complete sampling of local
times.

2.3.1 Radiation Belt Studies (C-07)

The high latitude boundary of ‘trapped’ radiation was found
to occur at invariant latitude 67 - 70 deg, (Anderson et al, 1968).
A few degrees lower, narrow spikes of intensity were observed on
about 34 percent of all passes (McCoy, 1969). Their frequency of
occurrence increased markedly with increased values of the
magnetic disturbance index Kp, and they were seen at all local
times. Spikes observed above the boundary appeared predominantly
in the dawn hemisphere. The spikes above the boundary were
attributed  to  quasi-trapped  electrons, injected from the
magnetospheric tail and drifting part way around the earth.

2.3.2 Solar Cosmic Rays over the Polar Caps (C-07)

Hudson and Anderson (1969) reported large fluctuations in
the intensity of solar protons over the polar regions during two
solar proton events on March 24, 1966, separated by 3.5 hours.
Simultaneous observations made on OGO 1, 13 Rgi sunward of
the Earth by Kane and Winckler (Experiment A-9) showed no
such fluctuations. These differences were interpreted as spatial effects
due to the field structure over the poles.

23.3 Galactic Cosmic Radiation (C-07)

The cosmic ray knee (using balloon observation terminology)
was investigated extensively with experiment C-07 (George,
1970a). The knee was interpreted as a position in the geomagnetic
field where the cosmic-ray cutoff rigidity was about 1.2 Gv for
the OGO 2 measurements. The invariant latitude of the knee was
found to decrease with altitude at the rate of (2.5 = 0.5) x 103
deg / km and to have a value of 59.1 deg at the Earth’s surface
in 1965-1966. Measurements of cosmic ray ionization over the polar
regions with experiment C-07 (George, 1970b) yielded the following
results. Extrapolating to the top of the atmosphere and to infinity,
the ionization values were 550 = 10 and 985 =+ 6 ion pairs / (cm?
sec atm), respectively, and splash albedo contributed 10.4 '+ 23
percent of the total ionization at the top of the ionosphere. These
results were for early November 1965.

24 Radio Physics Experiments

24.1 VLF Investigations (C-02, C-03)

A study with experiment C-02 (Heyborne et al 1969) of signals ‘

received from ground-based VLF transmitters revealed an abrupt
signal cut-off (as severe as 40 db within a latitude change of 2

deg) occurring near 60 deg invariant latitude. The correlation of-

this cut-off with the plasmapause is discussed under section 2.2.2.

Propagation studies with experiment C-02 also led to the
identification of a new type of non-ducted whistler: the walking-trace
(WT) whistler, (Walter and Angerami, 1969). The WT whistlers
are characterized by rising tones, occurrence localized within a few
degrees of 51 deg invariant latitude, and rapid increases in travel
times with latitude so that on frequency-time spectra a succession
of WT whistlers appear to ‘walk through’ other whistlers with
unchanged dispersion. The WT whistlers have been explained by
magnetospheric equatorial ionization profiles incorporating smail
gradients across L shells.

A unique, stationary type of VLF auroral hiss was discovered
‘with experiment C-02. This unusual type of hiss is limited to the

1962.
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region of the auroral oval and it provides a tool for monitoring
the auroral oval by means of satellite VLF observations (Jorgensen
and Bell, 1968).

VLF observations made with experiment C-03 (Morgan), which
used a2 2.7 m (9 ft) electric dipole antenna, revealed phenomena
somewhat different from those detected by the (magnetic) loop
antenna on experiment C-02. The most significant result obtained
with experiment C-03 was the frequent observation ‘of lower-hybrid
resonance (LHR) emissions. Since these LHR emissions were not
seen by experiment C-02, it was definitely established that the LHR
emission was an electric wave phenomenon (Laaspere et al, 1969).

242, Satellite Wake Study (C-01)

Although the Cosmic Radio Noise mapping planned with
experiment C-01 (Haddock) was not possible due to the OGO 2
orientation problem, the observations made with experiment C-01
yielded useful information concerning the OGO 2 wake. (Yorks
and Weil, 1970). The wake study was possible because experiment

-01 included an antenna impedance measuring capability at 2.5
MHz and because the impedance of a short dipole in the ionosphere
is very sensitive to nearby electron concentrations (or electron
depletions caused by a satellite wake).

25. Airglow and Auroral Measurements ( C-12)

During the 10 days of stabilized operation, experiment C-12
(Blamont / Reed) obtained approximately 2 hours of airglow data
while OGO 2 was in the Earth’s shadow. These limited observations
were of interest because they were the first of their kind, They
confirmed the suspected extensive latitudinal extent of airglow and
revealed very clearly the two airglow layers, (the lower one centered
near 100 km (62 mi) and the upper one centered near 250 km
(155 mi)) showing conclusively that vertical airglow profiles could
indeed be derived from satellite measurements. A few auroras were
also seen over the northern polar cap (Reed and Blamont, 1966).

An unexpected high background noise level present in the main
body photometer showed the need for additional shielding. The
observed background noise was due to energetic particles and it
led to a useful mapping of energetic particle intensity (Reed et al,
1967). The OGO 4 main photometer was provided with the additional
shielding and the background noise was reduced by two orders of
magnitude.

3. OGO 3 Results

As originally planned, the OGO 3 mission was a continuation
(during a period of rapidly increasing solar activity) of the OGO
1 mission (launched at sun spot minimum). The two spacecraft
carried the same experiments (except for one very important new
experiment on OGO 3, Frank’s LEPEDEA experiment, B-8), and
the observations from the two missions should have provided
cssentially a continuous data base. This was indeed the case for a
number of experiments which were not critically dependent upon
orientation and, as pointed out earlier, many of the findings described
under the OGO 1 results were based upon both OGO | and OGO
3 data. A number of orientation-sensitive experiments were able
to obtain for the first time a limited amount of high-quality data
during the initial 46 days of OGO 3 stabilized operation.” Also
the proper boom deployment on OGO 3 led to improved
performance of some experiments, particularly the fluxgate and
rubidium magnetometers (Experiment B-11, Heppner).

The most important difference between OGO 1 and 3,
however, was in the continuity of data coverage. As shown in
Figure 111-5, the OGO 1 operation was restricted to spring (March,
April, and May) and fall (September, October, and November).
This was due to the inertially gxed orientation of the OGO 1 spin
axis, causing the solar aspect to be periodically unfavorable for
the OGO 1 solar cells. Control of the spin axis orientation was
maintained on OGO 3, resulting in continuous data coverage as
shown in Figure II1-5, and making possible a more complete study
of the magnetosphere than could be done with the OGO 1 data.

Nincteen of the twenty-three experiments on OGO 3 yiclded

useful data, and each of these experiments led to at least onc .
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" major publication.
¢ included B-02 (Wolfe), which could not operate properly due to
! spacecraft spin, experiment B-06a (McDonald), which failed 90 hours

after initial turnon, experiment B-06b (Evans), which suffered from

The four unsuccessful OGO 3 experiments

a very high background noise, and experiment B-14 (Fritz), which
interfered with the command receiver. Before the interference
problem from experiment B-14 could be overcome, the attitude
system failed causing subsequent data from experiment B-14 to be

_ useless.

3.1 Magnetic Field Experiments

On OGO 1 the 3-10-14,000 gamma rubidium vapor
magnetometer (Experiment B-11, Heppner) was inoperative because
the 6.9 m (22 ft) boom EP-6 (on which the experiment B-11
magnetometers were located) failed to deploy. The 0-to-500 gamma
fluxgate magnetometer worked on OGO 1 in spitc of the EP-6
failure but at a somewhat reduced accuracy. The proper operation
of these magnetometers on OGO 3 (and the continuous OGO 3
operation) made it possible for the first time to acquire extensive
and very accurate data throughout the inner magnetosphere (2 to
8 Rg). Measurements with improved accuracy also became possible
at greater distances. An important aspect of the data analysis
cffort on experiment B-11 was therefore to conduct a comprehensive
magnetic ficld survey of the inner magnetosphere,

3.1.1 Detailed Mapping of

the Magnetic Field in the
Magnetosphere (B-11, E-15) :

Since fairly good models of the geomagnetic field B  were
already available when the study was undertaken, the new
observed values | Bobs | were compared (Sugiura et al, 1971) to
the value predicted by the existing theoretical field model
| Btheory|, and the new measurements were expressed in{ terms!

of the parameter AB, :
o " where: AB = | Bobs| - | Btheory}

It was concluded from this study that the AB values could be
viewed as perturbations (at magnetospheric heights) upon an
otherwise essentially correct model of the geomagnetic field. It
was found that a negative AB region existed near the dipole equator
and that there was a positive AB region at middle to high latitudes
in the nightside magnetosphere. The magnitude of the perturbation
was found to increase with the value of the Kp index.

The very large volume of the magnetosphere, the gradual
manner in which this volume is explored by an EGO satellite (see
Figure IlI-2), the gradual increase in orbit inclination and in perigee
altitude, and the effect of Kp upon the AB data made it difficult
to obtain an adequate number of data points with one satellite.
The AB study was initiated with the OGO 3 data, but the published
results (Sugiura et al, 1971) included approximately an equal number
of OGO 3 and OGO 5 observations.

3.12 The Equatorial Ring Current (B-11,E-15) |

The interpretation of the equatorial AB region (discussed under
3.1.1) led to a new concept of the terrestrial ring current (Sugiura,
1972). The existence of an equatorial ring current at a distance of
a few earth radii was originally postulated to explain
ground-based observations of geomagnetic disturbances. A toroidal
shape was the commonly accepted image of the ring current,

On the basis of the AB distribution, Sugiura (1972) showed
that the ring current was a quasi-permanent feature of the
magnetosphere and that this current was disk-like rather than
toroidal, extending from a geocentric distance of about 2.5 Rg out
to the neutral sheet in the magnetospheric tail. This conclusion
led Sugiura and Poros (1973) to propose a revised model of the
geomagnetic field which included the effect of this concentric
disk-like ring current.

3.13 ELF Noise in the Magnetosphere (B-10)

The data from the OGO 3 triaxial search coilv magnetometer”
(Experiment B-10, Smith) was used to describe the morphology of *
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OVERVIEW

region of the auroral oval and it provides a tool for monitoring
the auroral oval by means of satellite VLF observations (Jorgensen
and Bell, 1968).

VLF observations made with experiment C-03 (Morgan), which
used a 2.7 m (9 ft) electric dipole antenna, revealed phenomena
somewhat different from those detected by the (magnetic) loop
antenna on experiment C-02. The most significant result obtained
with experiment C-03 was the frequent observation of lower-hybrid
resonance (LHR) emissions. Since these LHR emissions were not
seen by experiment C-02, it was definitely established that the LHR
emission was an electric wave phenomenon (Laaspere et al, 1969).

24.2. Satellite Wake Study (C-01)

Although the Cosmic Radio Noise mapping planned with
experiment C-01 (Haddock) was not possible due to the OGO 2
orientation problem, the observations made with experiment C-01
yiclded useful information concerning the OGO 2 wake. (Yorks
and Weil, 1970). The wake study was possible because experiment
C-01 included an antenna impedance measuring capability at 2.5
MHz and because the impedance of a short dipole in the ionosphere
is very sensitive to nearby electron concentrations (or electron
depletions caused by a satellite wake).

25. Airglow and Auroral Measurements (C-12)

During the 10 days of stabilized operation, experiment C-12
(Blamont / Reed) obtained approximately 2 hours of airglow data
while OGO 2 was in the Earth’s shadow. These limited observations
were of interest because they were the first of their kind. They
confirmed the suspected extensive latitudinal extent of airglow and
revealed very clearly the two airglow layers, (the lower one centered
near 100 km (62 mi) and the upper one centered near 250 km
(155 mi)) showing conclusively that vertical airglow profiles could
indeed be derived from satellite measurements. A few auroras were
also seen over the northern polar cap (Reed and Blamont, 1966).

An unexpected high background noise level present in the main
body photometer showed the need for additional shiclding. The
observed background noisc was due to energetic particles and it
led to a useful mapping of energetic particle intensity (Reed et al,
1967). The OGO 4 main photometer was provided with the additional
shielding and the background noise was reduced by two orders of
magnitude.

3. OGO 3 Results

As originally planned, the OGO 3 mission was a continuation
(during a period of rapidly increasing solar activity) of the OGO
1 mission (launched at sun spot minimum). The two spacecraft
carried the same experiments (except for one very important new
experiment on OGO 3, Frank’s LEPEDEA experiment, B-8), and
the observations from the two missions should have provided
essentially a continuous data base. This was indeed the case for a
number of experiments which were not critically dependent upon
orientation and, as pointed out earlier, many of the findings described
under the OGO 1 results were based upon both OGO 1 and OGO
3 data. A number of orientation-sensitive experiments were able
to obtain for the first time a limited amount of high-quality data
during the initial 46 days of OGO 3 stabilized operation. Also
the proper boom deployment on OGO 3 led to improved
performance of some experiments, particularly the fluxgate and
rubidium magnetometers (Experiment B-11, Heppner).

The most important difference between OGO 1 and 3,
however, was in the continuity of data coverage. As shown in
Figure 111-5, the OGO 1 operation was restricted to spring (March,
April, and May) and fall (September, October, and November).
This was due to the inertially fixed orientation of the OGO 1 spin
axis, causing the solar aspect to be periodically unfavorable for
the OGO 1 solar cells. Control of the spin axis orientation was
maintained on OGO 3, resulting in continuous data coverage as
shown in Figure 1I1-5, and making possible a more complete study
of the magnetosphere than could be done with the OGO 1 data.

Nineteen of the twenty-three experiments on OGO 3 yielded
uscful data, and each of these experiments led to at least one
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major publication. The four unsuccessful OGO 3 experiments
included B-02 (Wolfe), which could not operate properly due to
spacecraft spin, experiment B-06a (McDonald), which failed 90 hours
after initial turnon, experiment B-06b (Evans), which suffered from

a very high background noise, and experiment B-14 (Fritz), which -

interfered with the command recciver. Before the interference
problem from experiment B-14 could be overcome, the attitude
system failed causing subsequent data from experiment B-14 to be
useless.

3.1 Magnetic Field Experiments

On OGO 1 the 3-t0-14,000 gamma rubidium vapor
magnetometer (Experiment B-11, Heppner) was inoperative because
the 6.9 m (22 ft) boom EP-6 (on which the experiment B-11
magnetometers were located) failed to deploy. The (-to-500 gamma
fluxgate magnetometer worked on OGO 1 in spite of the EP-6
failure but at a somewhat reduced accuracy. The proper operation
of these magnetometers on OGO 3 (and the continuous OGO 3
operation) made it possible for the first time to acquire extensive
and very accurate data throughout the inner magnetosphere (2 to
8 Rg). Measurements with improved accuracy also became possible
at greater distances. An important aspect of the data analysis
effort on experiment B-11 was therefore to conduct a comprehensive
magnetic field survey of the inner magnetosphere.

311 Detailed Mapping of the Magnetic Field in the
Magnetosphere (B-11)

Since fairly good models of the geomagnetic field B were
already available when the study was undertaken, the new
observed values | Bobs | were compared (Sugiura et al, 1971) to
the value predicted by the existing theoretical field model
| Btheoryl, and the new measurements were expressed initerms
of the parameter AB, ,

where: AB = | Bobs | — | Btheory}

It was concluded from this study that the AB values could be
viewed as perturbations (at magnetospheric beights) upon an
otherwise essentially correct model of the geomagnetic field. It
was found that a negative AB region existed near the dipole equator
and that there was a positive AB region at middle to high latitudes
in the nightside magnetosphere. The magnitude of the perturbation
was found to increase with the value of the Kp index.

The very large volume of the magnetosphere, the gradual
manner in which this volume is explored by an EGO satellite (see
Figure I11-2), the gradual increase in orbit inclination and in perigee
altitude, and the effect of Kp upon the AB data made it difficult
to obtain an adequate number of data points with one satellite.
The AB study was initiated with the OGO 3 data, but the published
results (Sugiura et al, 1971) included approximately an equal number
of OGO 3 and OGO 5 observations.

3.1.2 The Equatorial Ring Current (B-11)

The interpretation of the equatorial AB region (discussed under
3.1.1) led to a new concept of the terrestrial ring current (Sugiura,
1972). The existence of an equatorial ring curreat at a distance of
a few earth radii was originally postulated to explain
ground-based observations of geomagnetic disturbances. A toroidal
shape was the commonly accepted image of the ring current.

On the basis of the AB distribution, Sugiura (1972) showed
that the ring current was a quasi-permanent feature of the
magnetosphere and that this current was disk-like rather than
toroidal, extending from a geocentric distance of about 2.5 Rg out
to the neutral sheet in the magnetospheric tail. This conclusion
led Sugiura and Poros (1973) to propose a revised model of the
geomagnetic field which included the effect of this concentric
disk-like ring current.

3.1.3 ELF Noise in the Magnetosphere (B-10)

The data from the OGO 3 triaxial search coil magnetometer’
(Experiment B-10, Smith) was used to describe the morphology of ¢
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ELF noise (0.1 to 1.0 kHz) in the magnetosphere. This study
revealed two distinet populations of noise within the magnetosphere:
steady noise (ELF hiss) occurring primarily in the plasmasphere
and in the dayside outer magnetosphere at magnetic latitudes near
45 deg; and noise bursts (chorus and whistlers) at low latitude in
the dayside outer magnetosphere (Russell et al, 1969, Russell and
Holzer, 1970).

Although the ELF hiss band is variable, it extends typically
from 500 to 700 hertz. An ELF emission having a frequency
typically 1/10 that of the ELF hiss was discovered by Russell et
al (1970) during their very comprehensive survey of ELF hiss. This
lower frequency has been named the sub LHR hiss because its
frequency spectrum is always below the Lower Hybrid Resonance
frequency. The sub LHR hiss is extremely localized in space. * It
has been observed only within about 2 deg of the magnetic equator
and only in the outer two earth radii of the plasmasphere. No
explanation has yet been proposed for this emission.

3.1.4 Bow Shock Structure (B-10)

A very comprehensive study of the bow shock structure was
conducted with the search coil magnetometer data (Experiment B-10,
Smith) using OGO 3 data obtained during the first six months
after launch. During this period OGO 3 crossed the Earth’s bow
shock over 500 times, and from these events a set of 494 crossings
was selected for analysis (Olson and Holzer, 1974). Most of these
data were obtained at the 1 kbs telemetry sampling rate, which
placed an upper limit of 2.17 Hz for the frequency of the observed
waveforms. This study showed that the dominant pattern,
comprising about 85 percent of the shock crossings, consisted of
waves having frequencies ranging from one to a few hertz upstream
of the main shock compression and lower frequency waves, typically
0.3 Hz, downstream. The remaining 15 percent of the crossings
exhibited a much more complex pattern, at times apparently
chaotic.

On  approximately thirty occasions the crossings were
monitored at the high data rate (64 kbs). Of these, eleven crossings
were suitable for analysis. This unique data set made it possible
for the first time* to observe the high frequency structure of the
magnetic fluctuations at the bow shock (Olson et al, 1969). Power
spectra for frequencies between 1 and 140 Hz were obtained at
successive positions near the shock, showing how the special
characteristics of the quict interplanctary medium is gradually
modified, first upstream in the presence of the shock precursor,
then at various positions within the shock, and finally in the
magnetosheath downstream from the shock. The average enerFy
density in the region 1<f<140 Hz was found to be 4.9 x 10- AR
4.3 x 10", and 6.8 x 1013 erg/em? for the quiet interplanetary
medium, the maximum shock noise, and the magnetosheath,
respectively.

3.2 Low-Energy Plasma Experiments

3.2.1. Mapping of the Plasmapause (B-15)

The mapping of the plasmapause, which was started with OGO
I experiment A-15 (see section 1.2.1 of the Overview), was
continued with the similar B-15 experiment on OGO 3. Using
data obtained during stabilized operation, Taylor .etal (1968a)
investigated the position of the plasmapause as a function of the
magnetic index Kp and found that the position of the plasmapause
moved inward and outward from the earth in an inverse correlation
with Kp, indicating significant expansion and contractions of the
plasmapause. As the OGO 3 apogee moved gradually into the
duskside and nightside magnetosphere during the initial stabilized
period, a detailed in situ study of the duskside plasmapause was
made possible for the first time (Taylor et al, 1970a). This study
showed that the duskside bulge (Carpenter, 1966) was indeed a
persistent feature of the plasmapause aad that it was frequently
characterized by sharply structured concentrations of hydrogen ions.
This structured appearance lent. further support to the plasma

- have been inferred from previous analyses.

OVERVIEW

convection models of Nishida (1966) and Brice (1967), which
predicted a region of plasma turbulence in the afternoon sector.
The turbulent region corresponded to the interface between the
maximum opposing flow regimes of plasma, which either corotated
with the Earth or flowed outside the plasmapause in a non-corotating
manner. It was also found (Kikutchi and Taylor, 1972) that the
irregular structure in the bulge region (and at other locations in
the nighttime plasmapause) correlated quite well with ground-based
Pc 1 observations.*  This correlation suggested that Pc | events
were associated primarily with the plasmapause.

3.2.2 Effects of Satellite Potential (B-13)

Whipple etal (1974) showed theoretically that typical satellite
potentials could have large effects upon the ion currents measured
by an experiment such as an ion-mass spectrometer or an ion
trap. The above theoretical considerations yielded calculated
current-voltage curves in excellent agreement with the ion
current-voltage data obtained near the plasmapause with experiment
B-13 (Planar lon and Electron Trap, Whipple). The ion densities
which Whipple etal (1974) inferred from their analysis were shown
to be as much as one order of magnitude different from what would

3.2.3 Study of the 0 to 1000 eV Plasma (B-12)

The low-energy magnetospheric plasma was also investigated
by Sagalyn and Smiddy (1967), using the data from two
omnidirectional spherical plasma probes (Experiment B-12, Sagalyn).
The flux, energy distribution and concentration of ions and electrons
were measured in the energy range 0-1 keV over the altitude region
1.1 - 20 Rg. One interesting result of this investigation was the
very rapid variation in the ion-electron densities which was observed,
at geocentric distances ranging from 2 to 4 Rg, as the spacecraft
went into and out of the shadow of the earth. The average energy
of these low-energy particles was found to increase from about 0.2
eVat LI REt06 + 2eVat5-7Rg The flux of particles in
the 25 - 1000 eV range was measured in the outer magnetosphere
and found to decrease by a factor of 4 following solar flares.

3.2.4 Study of the 40 to 2000 eV Plasma (B-3)

Experiment B-3 (Bridge) on OGO 3 provided the first detailed
mapping of the low-energy (40- to 2000-¢V) electron distribution
in the dayside magnetosphere. This study was a continuation of
the plasma sheet mapping initiated with the corresponding A-3
experiment on OGO 1 (see section 1.2.2). It was found (Vasyliunas,
1968b) that low energy electrons, in the 40 to 2000 eV range, were
present throughout most of the dayside magnetosphere. In contrast
to the distribution of more energetic electrons (E>40 keV), which
is roughly symmetrical with respect to the noon-midnight meridian,
the low-energy electron flux was observed to be much more intense
in the dawn sector than in the dusk sector.

325 Study of the 100 to 50,000 eV Plasma (B-8)

A remarkable wealth and diversity of information was obtained
with experiment B-8 (Frank), the only OGO 3 experiment which
had not been previously carried on OGO 1. Better known as the
LEPEDEA experiment (Low-Energy Proton and Electron
Differential Energy Analyzer), experiment B-8 was designed
specifically for studying the magnetospheric plasma within the energy
range 100 eV to 50,000 eV. The energy range was subdivided
into 13 energy intervals, and the sensitivity was about 100 times
greater than the sensitivity of instruments previously used for this
purpose. Excellent data were acquired during the initial 46 days
of attitude-controlled operation, and these were used to provide a
comprehensive survey of the low-energy proton and electron
intensities in the evening-to-midnight quadrant of the magnetosphere
for L values ranging from 3 to 15.

The proton data (Frank and Owens, 1970) revealed the

persistent presence of a partial ring current of protons, centered at

The high data rate could not he used on OGO 1 when the spacecraft was more

not subject to this restriction because the spin rate was much slower (0.5 rpm).

than 10 RE away, because of the fast OGO 1 spin rate (5 rpm). The OGO 3 was:
|

* gnetic micropulsations with periods ranging from 0.2 to 5.
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ELF noise (0.1 to 1.0 kHz) in the magnetosphere.  This study
revealed two distinct populations of noise within the magnetosphere:
steady noise (ELF hiss) occurring primarily in the plasmasphere
and in the dayside outer magnetosphere at magnetic latitudes near
45 deg; and noise bursts (chorus and whistlers) at low latitude in
the dayside outer magnetosphere (Russell et al, 1969, Russell and
Holzer, 1970). )

Although the ELF hiss band is variable, it extends typically
from 500 to 700 hertzz. An ELF emission having a frequency
typically 1/10 that of the ELF hiss was discovered by Russell et
al (1970) during their very comprehensive survey of ELF hiss. This
lower frequency has been named the sub LHR hiss because its
frequency spectrum is always below the Lower Hybrid Resonance
frequency. The sub LHR hiss is extremely localized in space. It
has been observed only within about 2 deg of the magnetic equator
and only in the outer two earth radii of the plasmasphere. No
explanation has yet been proposed for this emission.

3.1.4 Bow Shock Structure (B-10)

A very comprehensive study of the bow shock structure was
conducted with the search coil magnetometer data (Experiment B-10,
Smith) using OGO 3 data obtained during the first six months
after launch. During this period OGO 3 crossed the Earth’s bow
shock over 500 times, and from these events a set of 494 crossings
was selected for analysis (Olson and Holzer, 1974). Most of these
data were obtained at the 1 kbs telemetry sampling rate, which
placed an upper limit of 2.17 Hz for the frequency of the observed
waveforms. This study showed that the dominant pattern,
comprising about 85 percent of the shock crossings, consisted of
waves having frequencies ranging from one to a few hertz upstream
of the main shock compression and lower frequency waves, typically
0.3 Hz, downstream. The remaining 15 percent of the crossings
exhibited a much more complex pattern, at times apparently
chaotic.

On approximately thirty occasions the
monitored at the high data rate (64 kbs). Of these,
were suitable for analysis. This unique data set made it possible
for the first time* to observe the high frequency structure of the
magnetic fluctuations at the bow shock (Olson et al, 1969). Power
spectra for frequencies between 1 and 140 Hz were obtained at
successive positions near the shock, showing how the special
characteristics of the quiet interplanetary medium is gradually
modified, first upstream in the presence of the shock precursor,
then at various positions within the shock, and finally in the
magnetosheath downstream from the shock. The average energy
density in the region 1<f<140 Hz was found to be 4.9 x 10 4,
4.3 x 16", and 6.8 x 1013 erg/cm3 for the quiet interplanetary
medium, the maximum shock noise, and the magnetosheath,
respectively, .

crossings were
eleven crossings

3.2 Low-Energy Plasma Experiments

3.2.1. Mapping of the Plasmapause (B-15)

The mapping of the plasmapause, which was started with OGO
| experiment A-15 (see section 1.2.1 of the Overview), was
continued with the similar B-15 experiment on OGO 3. Using
data obtained during stabilized operation, Taylor .etal, (1968a)
investigated the position of the plasmapause as a function of the
magnetic index Kp and found that the position of the plasmapause
moved inward and outward from the earth in an inverse correlation
with Kp, indicating significant expansion and contractions of the
plasmapause. As the OGO 3 apogee moved gradually into the
duskside and nightside magnetosphere during the initial stabilized
period, a detailed in situ study of the duskside plasmapause was
made possible for the first time (Taylor et al, 1970a). This study
showed that the duskside bulge (Carpenter, 1966) was indeed a
persistent feature of the plasmapause and that it was frequently
characterized by sharply structured concentrations of hydrogen ions.
This structured appearance lent. further support to the plasma

- have been inferred from previous analyses.

- range 100 eV to 50,000 eV. The
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convection models of Nishida (1966) and Brice (1967), which
predicted a region of plusma turbulence in the afternoon sector.
The turbulent region corresponded to the interface between the
maximum opposing flow regimes of plasma, which either corotated
with the Earth or flowed outside the plasmapause in a non-corotating
manner. [t was also found (Kikutchi and Taylor, 1972) that the
irregular structure in the bulge region (and at other locations in
the nighttime plasmapause) correlated quite well with ground-based
Pc 1 observations.* * This correlation suggested that Pc 1 events
were associated primarily with the plasmapause.

322 Effects of Satellite Potential (B-13)

Whipple _et al, (1974) showed theoretically that typical satellite
potentials could have large effects upon the ion currents measured
by an experiment such as an ion-mass spectrometer or an ion
trap. The above theoretical considerations yielded calculated
current-voltage curves in excellent agreement with the ion
current-voltage data obtained near the plasmapause with experiment
B-13 (Planar lon and Electron Trap, Whipple). The ion densities
which Whipple et al, (1974) inferred from their analysis were shown
to be as much™asone order of magnitude different from what would

323 Study of the 0 to 1000 eV Plasma (B-12)

The low-energy magnetospheric plasma was also investigated
by Sagalyn and Smiddy (1967), using the data from two
omnidirectional spherical plasma probes (Experiment B-12, Sagalyn).
The flux, energy distribution and concentration of ions and electrons
were measured in the energy range 0-1 keV over the altitude region
1.1 - 20 Rg. One interesting result of this investigation was the
very rapid variation in the ion-electron densities which was observed,
at geocentric distances ranging from 2 to 4 Rg, as the spacecraft
went into and out of the shadow of the earth. The average energy
of these low-energy particles was found to increase from about 0.2
eVat L1 RE 06 +2eVat5-7RE. The flux of particles in
the 25 - 1000 eV range was measured in the outer magnetosphere
and found to decrease by a factor of 4 following solar flares.

3.24 Study of the 40 to 2000 eV Plasma (B-3)

Experiment B-3 (Bridge) on OGO 3 provided the first detailed
mapping of the low-energy (40- to 2000-¢V) electron distribution
in the dayside magnetosphere. This study was a continuation of
the plasma sheet mapping initiated with the corresponding A-3
experiment on OGO 1 (see section 1.2.2). It was found (Vasyliunas,
1968b) that low energy electrons, in the 40 to 2000 eV range, were
present throughout most of the dayside magnetosphere. In contrast
to the distribution of more energetic electrons (E>40 keV), which
is roughly symmetrical with respect to the noon-midnight meridian,
the low-energy electron flux was observed to be much more intense
in the dawn sector than in the dusk sector.

3.25 Study of the 100 to 50,000 eV Plasma (B-8)

A remarkable wealth and diversity of information was obtained
with experiment B-8 (Frank), the only OGO 3 experiment which
had not been previously carried on OGO . Better known as the
LEPEDEA experiment (Low-Energy Proton and Electron
Differential Energy Analyzer), experiment B-8 was designed
specifically for studying the magnetospheric plasma within the energy
energy range was subdivided
into 13 energy intervals, and the sensitivity was about 100 times
greater than the sensitivity of instruments previously used for this
purpose. Excellent data were acquired during the initial 46 days
of attitude-controlled operation, and these were used to provide a
comprehensive survey of the low-energy proton and electron
intensities in the evening-to-midnight quadrant of the magnetosphere
for L values ranging from 3 to 15.

The proton data (Frank and Owens, 1970) revealed the
persistent presence of a partial ring current of protons, centered at

hd The high data rate could not be used on OGO 1 when the spacecraft was more!

than 10 RE away, because of the fast OGO 1 spin rate (5 pm). The OGO 3 wasj
not subject to this restriction because the spin rate was much slower 0.5 pm). |
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ELF noise (0.1 to 1.0 kHz) in the magnetosphere. This study
revealed two distinct populations of noise within the magnetosphere:
steady noise (ELF hiss) occurring primarily in the plasmasphere
and in the dayside outer magnetosphere at magnetic latitudes near
45 deg; and noise bursts (chorus and whistlers) at low latitude in
the dayside outer magnetosphere (Russell et al, 1969, Russell and
Holzer, 1970).

Although the ELF hiss band is variable, it extends typically
from 500 to 700 hertz. An ELF emission having a frequency
typically 1/10 that of the ELF hiss was discovered by Russell et
al (1970) during their very comprehensive survey of ELF hiss. This

" lower frequency has been named the sub LHR hiss because its

frequency spectrum is always below the Lower Hybrid Resonance
frequency. The sub LHR hiss is extremely localized in space. " It
has been observed only within about 2 deg of the magnetic equator
and only in the outer two earth radii of the plasmasphere. No
explanation has yet been proposed for this emission.

3.1.4 Bow Shock Structure (B-10)

A very comprehensive study of the bow shock structure was
conducted with the search coil magnetometer data (Experiment B-10,
Smith) using OGO 3 data obtained during the first six months
after launch. During this period OGO 3 crossed the Earth’s bow
shock over 500 times, and from these events a set of 494 crossings
was selected for analysis (Olson and Holzer, 1974). Most of these
data were obtained at the 1 kbs telemetry sampling rate, which
placed an upper limit of 2.17 Hz for the fre uency of the observed
waveforms. This study showed that the dominant pattern,
comprising about 85 percent of the shock crossings, consisted of
waves having frequencies ranging from one to a few hertz upstream
of the main shock compression and lower frequency waves, typically
0.3 Hz, downstream. The remaining 15 percent of the crossings
exhibited a much more complex pattern, at times apparently
chaotic.

On approximately thirty occasions the crossings were
monitored at the high data rate (64 kbs). Of these, eleven crossings
were suitable for analysis. This unique data set made it possible
for the first time* to observe the high frequency structure of the
magnetic fluctuations at the bow shock (Olson et al, 1969). Power
spectra for frequencies between 1 and 140 Hz were obtained at
successive positions near the shock, showing how the special
characteristics of the quiet interplanetary medium is gradually
modified, first upstream in the presence of the shock precursor,
then at various positions within the shock, and finally in the
magnetosheath downstream from the shock. The average enerﬁy
density in the region 1<f<140 Hz was found to be 49 x 10-1,
4.3 x 16", and 6.8 x 1013 erg/cm? for the quiet interplanetary
medium, the maximum shock noise, and the magnetosheath,
respectively.

3.2 Low-Energy Plasma Experiments

3.2.1. Mapping of the Plasmapause (B-15)

The mapping of the plasmapause, which was started with OGO
1 experiment A-15 (see section 1.2.1 of the Overview), was
continued with the similar B-15 experiment on OGO 3. Using
data obtained during stabilized operation, Taylor et aly(1968a)
investigated the position of the plasmapause as a function of the
magnetic index Kp and found that the position of the plasmapapse
moved inward and outward from the earth in an inverse correlation
with Kp, indicating significant expansion and contractions of the
plasmapause. As the OGO 3 apogee moved gradually into the
duskside and nightside magnetosphere during the initial stabilized
period, a detailed in situ study of the duskside plasmapapse was
made possible for the first time (Taylor et al, 1970a). This study
showed that the duskside bulge (Carpenter, 1966) was indeed a
persistent feature of the plasmapause and that it was frequently
characterized by sharply structured concentrations of hydrogen ions.
This structured appearance lent. further support to the plasma
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convection models of Nishida (1966) and Brice (1967), which
predicted a region of plasma turbulence in the afternoon sector.
The turbulent region corresponded to the interface between the
maximum opposing flow regimes of plasma, which either corotated
with the Earth or flowed outside the plasmapause in a non-corotating
manner. It was also found (Kikutchi and Taylor, 1972) that the
irregular structure in the bulge region (and at other locations in
the nighttime plasmapause) correlated quite well with ground-based
Pc 1 observations.* This correlation suggested that Pc | events
were associated primarily with the plasmapause.

3.2.2 Eifects of Satellite Potential (B-13)

Whipple et al (1974) showed theoretically that typical satellite
potentials could have large effects upon the ion currents measured
by an experiment such as an ion-mass spectrometer or an ion
trap. The above theoretical considerations yielded calculated
current-voltage curves in excellent agreement with the jon
current-voltage data obtained near the plasmapause with experiment
B-13 (Planar fon and Electron Trap, Whipple). The ion densities
which Whipple et al (1974) inferred from their analysis were shown
to be as much as one order of magnitude different from what would

- have been inferred from previous analyses.

3.2.3 Study of the 0 to 1000 eV Plasma (B-12)

The low-energy magnetospheric plasma was also investigated
by Sagalyn and Smiddy (1967), using the data from two
omnidirectional spherical plasma probes (Experiment B-12, Sagalyn).
The flux, energy distribution and concentration of ions and electrons
were measured in the energy range 0-1 keV over the altitude region
LI - 20 Rg. One interesting result of this investigation was the
very rapid variation in the ion-electron densities which was observed,
at geocentric distances ranging from 2 to 4 R, as the spacecraft

went into and out of the shadow of the earth. The average energy .

of these low-energy particles was found to increase from about 0.2
eV at .1 RE10 6 = 2eVat5-7 Rg. The flux of particles in
the 25 - 1000 eV range was measured in the outer magnetosphere
and found to decrease by a factor of 4 following solar flares.

324 Study of the 40 to 2000 eV Plasma (B-3)

Experiment B-3 (Bridge) on OGO 3 provided the first detailed
mapping of the low-energy (40- to 2000-eV) electron distribution
in the dayside magnetosphere. This study was a continuation of
the plasma sheet mapping initiated with the corresponding A-3
experiment on OGO 1| (see section 1.2.2). It was found (Vasyliunas,
1968b) that low energy electrons, in the 40 to 2000 eV range, were
present throughout most of the dayside magnetosphere. In contrast
to the distribution of more energetic electrons (E>40 keV), which
is roughly symmetrical with respect to the noon-midnight meridian,
the low-energy electron flux was observed to be much more intense
in the dawn sector than in the dusk sector.

3.2.5 Study of the 100 to 50,000 eV Plasma (B-8)

A remarkable wealth and diversity of information was obtained
with experiment B-8 (Frank), the only OGO 3 experiment which
had not been previously carried on OGO 1. Better known as the
LEPEDEA experiment (Low-Energy Proton and Electron
Differential Energy Analyzer), experiment B-8 was designed
specifically for studying the magnetospheric plasma within the energy
range 100 eV to 50,000 eV. The energy range was subdivided
into 13 energy intervals, and the sensitivity was about 100 times
greater than the sensitivity of instruments previously used for this
purpose. Excellent data were acquired during the initial 46 days
of attitude-controlled operation, and these were used to provide a
comprehensive survey of the low-energy proton and electron
intensities in the evening-to-midnight quadrant of the magnetosphere
for L values ranging from 3 to 15.

The proton data (Frank and Owens, 1970) revealed the

* The high data rate could not be used on OGO 1 when the spacecraft was more -

than 10 Rg away, because of the fast OGO 1 spin rate (5 rpm). The OGO 3 was‘i
not subject to this restriction because the spin rate was much slower (0.5 rpm).

persistent presence of a partial ring current of protons, centered at

*

P ti with periods ranging from 0.2 to §.
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L = 6.5 during all magnetic conditions. Increased proton intensities
and penetration to L values (of 3 or less) deep within the outer
radiation zone were observed during geomagnetic storms. The
above observations constituted the first in situ detection and survey
of the extraterrestrial, ‘storm-time,’ ring current protons. Frank’s
conclusion that the elusive ring current had finally been detected
was based upon: 1) excellent correlations between observed
proton intensities and typical magnetic storm histories and 2)
theoretical calculations showing that the total energy of the measured
particles was adequate to account for the disturbance field (Frank
1967b).

The peak in the proton distribution at L= 6.5 under magnetic
quiescence was identified as the ‘quiet-time’ ring current (Frank
and Owens, 1970). It was subsequently shown by Sugiura (see
section 3.1.2) that the ‘quiet-time’ ring current must extend over a
range of geocentric distances greater than that indicated by Frank.
Thus Frank’s ‘quiet-time’ ring current must be only a part of the
total equatorial current, responsible for ‘quiet-time’ geomagnetic
perturbations at magnetospheric heights. 1t should be noted that
Sugiura’s refinement of the ‘quiet-time’ ring current concept has
had no adverse impact upon Frank’s ‘storm-time’ ring current
concept. Frank’s conclusions concerning the major ‘storm-time’
component continue to be widely accepted. -

The electron data also displayed a rich and varied behavior
(Frank, 1967a). These data were used to investigate the
carthward edge of the plasma sheet and its relationship to the
plasmapause (Shield amf Frank, 1970). The importance of the
proton and of the electron data was further enhanced by the fact
that high-resolution spectra of low-energy protons and electrons
had--for the first time—been obtained simultaneously. These
simultaneous observations permitted detailed investigations of the
relationship between the plasma sheet, the ring current, the trapping
boundary, and the plasmapause (Frank 1971).

33 Energetic Particle Measurements

Some results from the OGO 3 energetic particle measurements
have already been discussed in sections 1.3.1, 1.3.2, and 1.3.3. This
was done whenever the OGO 3 experimenters had treated the data
from their identical OGO 1 and OGO 3 experiments as one
continuous data base. In such cases, the OGO 3 data were used
mainly to extend the time or space coverage provided by OGO 1.
Some of the results described under 3.3 are based upon joint OGO
1 and OGO 3 data, but in these cases a two satellite operation
was an essential aspect of the experimental procedure.

3.3.1 Radiation Belts (B-9)

The major contribution of experiment B-9 to our knowledge
of the radiation belts has already been discussed under sections
1.3.1 and 1.3.2. A result not previously mentioned was the insight
into the nature of the outer zone variation which was gained by a
close comparison of the electron fluxes measured with similar
spectrometers on OGO 3 and ATS | (Pfitzer and Winckler, 1969).
By comparing these two satellites at different places on a common
drift shell, it was possible to measure the time delay of increases
of electron flux, which could be identified as drifting eastward due
to the gradient of the magnetospheric field and originating near
local midnight during a magnetospheric substorm. The importance
of the magnetospheric distortion which accelerated electrons as a
source for the outer radiation belt was established.

3.3.2 Solar X Rays and Total Radiation in Space (B-4, B-9)

The knowledge of solar X rays was advanced significantly by
experiment B-4 (Cline), which was the first to provide differential
energy spectra in the range 80 keV to 1 MeV. (Experiment B-4
provided measurements at 16 energy levels equally spread between
80 keV and 1 MeV.) Investigations conducted with experiment
B-4 during the solar flare of July 7, 1966, revealed a greater intensity
in hard X rays than ever observed in a solar event previously, and
indicated a non-thermal bremsstrahlung origin for the X rays (Cline
et al, 1968). The investigation of solar X rays conducted with
experiment B-9 (Winckler) was discussed under section 1.3.2.

111-14

A study, which required simultaneous observations by the
identical OGO 1 and OGO 3 ionization chambers (experiments
A-9 and B-9), was conducted to determine whether or not solar
protons with energies greater than 12 MeV have free access to the
outer magnetosphere. The ‘screening’ effect of the magnetosphere
was determined by comparing simultaneous measurements of the
particle intensity inside the magnetosphere and near the outer
magnetospheric boundaries. (Kane et al, 1968). It was found that
magnetospheric screening was indeed observable and could at times
be complete for a duration of as much as 110 minutes in the tail
of the magnetosphere.

3.3.3 Cosmic-Ray Spectra and Fluxes (B-7)

It is well known that the sun can produce large fluxes of
cosmic-ray particles with energies less than 20 MeV per nucleon.
These fluxes, which are easily observed during solar flares, are
much more difficult to measure during ‘*quiet’ periods. The study
of ‘quiet-time’ protons and alpha particles, in the energy range 2
to 20 MeV/nucleon, was begun in 1964 at the University of Chicago
using a cosmic-ray telescope on OGO 1 (see section 1.3.3). This
study was continued during 1967 with an identical experiment (B-7)
on OGO 3 (Fan et al, 1969). No significant changes were observed
in spite of increased solar activity. These later results were not
consistent with the assumed presence of a ‘quiet-time’ solar
component, which would presumably be a function of the solar
activity. :

3.34 Solar Flare Protons (B-1 and B-5)

The proton event of July 7, 1966, was studied simultaneously
by detectors on OGO 3 (Experiment B-1, Anderson), Imp 3, and
Explorer 33. The measurements (Lin et al, 1968) revealed a narrow
‘core,” about 3 degrees wide for electrons>40 keV, surrounded by
a symmetric ‘halo’ of less intense >40 keV clectrons and 0.5- to
20-MeV proton fluxes. The core was connected magnetically back
to the flare region.

The same proton event was investigated by Konradi (1969) in
the energy range 135 to 1650 keV using the data from experiment
B-5. The results were similar to those of experiment B-1 (above),
i.. the observations in the lower energy range also revealed a
halo, trapped on field lines which connected back to the flare
region. Two additional features of the protons were observed in
Konradi’s study; namely, the isotropy of the incident flux in the
magnetosheath and the tail, and a relative depression of proton
intensity in the magnetosheath.

3.35 Search for Positrons (B-4)

Experiment B-4 (mentioned earlier under section 3.3.2) was
used also to search for interplanetary positrons. The observed
positron intensity in the range E>0.5 MeV was 2 decades higher
than the maximum value expected from cosmic ray meson production
(Cline and Hones, 1970). This indicated either that the low-energy
end of the galactic cosmic-ray spectrum was more intense than
commonly believed, or that the positron origin was different than
assumed.

3.4 Radio Physics Experiments

3.4.1 VLF Investigations (B-17)

Although the MR whistlers, the Nu whistlers, the banded
chorus and the whistler ducts were first observed and clearly
identified with the OGO 1 experiment A-17, the detailed
investigations of these VLF phenomena by Helliwell and his
associates were based upon both OGO 1 and OGO 3 data.
Experiment B-17 (Helliwell) on OGO 3 was essentially the same
as A-17 except for one important difference. The antenna on B-17
could be connected cither as an electric sensor or as a magnetic
sensor. The electric antenna was a new feature, which made it
possible to observe on OGO 3 lower hybrid resonance noise bands.
It was shown by Burtis (1973) that the LHR data could be used
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to calculate electron densities near the plasmapause and that the
calculated values agreed with the ion-mass spectrometer results
.Expcriment B-15) within a factor of 2.

As mentioned under Section 1.4.1, the first in situ evidence
for the existence of VLF ducts was provided by the data from
A-17 on OGO 1. The OGO 3 data have provided similar, but
niuch more elaborate, examples of in situ observations, thus making
possible the most complete study of duct properties conducted up
to that time (Angerami, 1970)." Some of the major conclusions
reached from this study are as follows: it was confirmed that
whistler ducts are enhancements of ionization, the relative
enhancements ranging from 6 to 20 percent over the background;
it was concluded that the duct thicknesses in L space were about
0.05 Rg, and their width in longitude 4 to 8 times as much at the
equator. The rising tones associated with these whistlers were
interpreted as leakages from ducts that are beyond the satellite in
L space.

Abrupt  changes of whistler occurrence and noise
characteristics were observed during plasmapause crossings on both
OGO 1 and OGO 3. The plasmapause positions detected on one
OGO 1 crossing and on one OGO 3 crossing were compared with
the corresponding data from Taylor's ion mass spectrometers on
OGO 1 and OGO 3, respectively; both comparisons yielded
plasmapause positions which agreed within 0.1 Rg in L value
(Carpenter et al, 1969).

3.4.2 Radio Astronomy (B-18)

The objective of experiment B-18 was to measure the dynamic
radio spectrum of solar radio-noise bursts in the 2- to 4-MHz
range. The planned observations included frequency drift rates,
frequency bandwidth, and duration of bursts. The investigation
program conducted with experiment B-18 followed very closely the
stated objectives, and it led to the first large sample of high
time-resolution information on low-frequency solar bursts (Haddock

and Graedel, 1970). During the period June 7, 1966 to September
30, 1967, 218 type IH* bursts were detected in the 2 to 4 MHz:

band. The type V continuum radiation following type HI was:

secn in only 4 cases, and other types of bursts (1, II, and 1V) were
Ot seen at all. Approximately 70 percent of the observed type

1

1 solar bursts were found to be associated with flares (Graedel,

1970).
It is of interest to note that type Il solar noise bursts were

also observed below 100 kHz on OGO 3 (Dunckel et al, 1972).

These bursts tend to follow type I bursts observed at 2-4 MHz
by about 10 minutes. Observed drift rates and decay times
correspond roughly to those extrapolated from higher frequency
measurements.

3.5 Optical Experiments
3.5.1 Geocoronal Lyman Alpha (B-19)

Experiment B-19 (Mange) yielded the first profiles of the
' hydrogen Lyman-alpha intensity as a function of geocentric distance
' (Mange and Meier, 1970). The data were acquired during the
first six weeks of OGO 3 operation, while attitude control was
maintained. A total of eleven profiles was obtained for altitudes
ranging from 5 to 19 earth radii. The variation of intensity with
distance implied a hydrogen density at 50,000 km of about 20

atoms/cc for the summer 1966 epoch in the antisolar hemisphere. -
An extraterrestrial background of about 750 rayleighs was observed .

at apogee. The data suggested that regions near the galactic plane

+ were brighter by about 150 rayleighs. . The background intensity * .

i seemed to correlate with solar activity, suggesting that a portion
t of the background was solar-related.

»

The type HI burst is characterized by a short duration (about 10 seconds) and by
a rapid drift from high to low frequencies.

The classification of solar bursts is based upon their frequency-vs-time characteristics, ]

!
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3.5.2 Sky Brightness at Visible Wavelengths (B-20)

Some useful data concerning the optical environment were
obtained by the Gegenschein experiment (B-20, Wolff) during the
initial stabilized OGO 3 operation (Wolff, 1967). An upper limit
to the brightness of the daytime sky near a large unmanned satellite
was obtained and found to be about 30 times less than the
darkest daytime sky brightness previously reported by astronauts.
The Gegenschein experiment, however, was unable to monitor the
brightness of the antisolar region of the sky (its primary objective),
because of light scattered by a very long radio anteana. The
maximum value of the sky brightness was actually inferred from
an investigation of this scattering effect, as the angle between the
antenna and the optical axis varied during the OGO 3 orbit.

3.6 Interplanetary Dust Particles (B-16)

The data from experiment B-16 (Bohn) on OGO 3 represented
the first measurements of dust particles in cislunar space since
Pioneer I (1958). Data were obtained for 1505 hours and at
altitudes primarily between 50,000 and 110,000 km. The flux derived
from these observations was: ® = 2 x 103 events m2s71(2x ster)!
for particles greater than 2.0 x 10-13 gram (Alexander et al, 1973).

More recent measurements, however, have raised doubts
concerning the validity of the data from experiment B-16. Berg
and Grin (1973) have shown that microphone data (such as those
of experiment B-16) can be severely contaminated by cosmic rays.

3.7 The Storm of January 13 - 14, 1967 (B-10)

Major distortions of the Earth’s magnetosphere were observed
during the geomagnetic storm of January 13-14, 1967. Although
the OGO 3 study of this storm could have been discussed under
section 3.1, various aspects of this study justify a departure from
a strictly discipline-oriented presentation. The event was apparently
the strongest storm ever encountered in space up to that time,
and it led to the greatest compression of the magnetosphere ever
recorded on the sunward side. The locations and instrumentation
on five spacecraft (Imp-D, Vela 3A, Vela 3B, ATS 1, and OGO
3) during the storm permitted an unusually complete and large-scale
measurement of this event.

The shock front from the sun was first detected (1150 UT
January 13) by IMP-D at a range of 66 Re and at an angle of 23
deg (forward) with the Sun-Earth line. The IMP-D observations
yielded the average velocity of the shock front and its deceleration
by the preceding slower moving solar plasma (Cummings and
Coleman 1968). At 1204 UT the shock front encountered Vela 3A
at 19 RE and at 55 deg from the Sun-Earth line (Bame et al,
1968). Shortly afterwards the shock was seen at Vela 3B on the
opposite side of the earth (20 Rg and -54 deg). Twelve hours
later, the ATS 1 satellite at 6.6 Re had moved to the sunward
side of the Earth, and it crossed the magnetopause at 0007 on
January 14, showing that the magnetopause had penetrated
substantially below 6.6 Rg (Opp, 1968 and references quoted
therein).

At 0055 on January 14, OGO 3 encountered the bow shock
abnormally close to the earth, which confirmed the ATS 1|
observations. At 1900 January 14, OGO 3 crossed the bow shock
at a point as far out as it had ever been measured, showing that
the magnetosphere had reacted to the storm-induced compression
by rebounding to abnormally large dimensions. (Russell et al,
1968). The post storm inflation was confirmed by VELA 3A and
3B, when they crossed the magnetopause on January 14 at 1100
UT and 1900 UT, respectively (Bame et al, 1968).

Other examples of space research based upon data from OGO
3 and from one or more additional spacecraft have been given
earlier under the appropriate disciplines. The study of the January
13-14, 1967 storm has been singled out, however, as representing
perhaps the best example of OGO 3 participation in a multi-satellite
study requiring observations from many points in space and time.

4. OGO 4 Results

By maintaining 3-axis stabilization for nearly 18 months, the
OGO 4 spacecraft far exceeded the performance of its

HI-15
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predecessors (the longest previous stabilized operation was 45 days
with OGO 3), and many POGO experimenters were able for the
first time to make measurements on an extended time scale. Except
for an oscillation problem caused by the 183 m (60 fi)
radio-astronomy antenna (Experiment D-01), which required
extensive manual controls from the ground during the entire
stabilized period, the OGO 4 spacecraft would have been the first
“nearly perfect” spacecraft of the OGO program. The oscillation
problem was solved on the next OGO simply by reducing the
antenna length t0 9.1 m (30 ft), and the completely normal spacecraft
envisioned by the designers at the beginning of the program was
finally achieved with OGO 5.

About 15 of the 20 OGO 4 experiments can be considered
completely successful since each of these 15 experiments led to at
least one major journal publication. For about half of the successful
experiments the number of significant publications is five or greater,
The five experiments which cannot be considered ‘‘completely
successful” Include: D-20 (Hinterreger) which failed two weeks
after launch before it could yield any useful data; D-17 (Newton)
which developed a large background jon current preventing the
measurement of atmospheric densities at OGO altitudes; D-18
(Nilsson) which experienced a severe degradation due to a high
level of noise in the data; D-01 (Haddock) which was also partially
disabled by high noise levels in the data; and D-15 (Jones) which
yielded data in a commutated format too complex for analysis.
Most of the above unsuccessful experiments had not been previously
performed in a satellite (except in the very unsatisfactory OGO 2
mission). These new and untried experiments were nevertheless
included in OGO missions because a few “high risk” experiments
could be included in the very large OGO payloads (see last paragraph
of section 2 under IILA).

The OGO 4 results are presented by major scientific
disciplines, following the order used previously for OGO 1, OGO
2, and OGO 3. .

4.1 Magnetic Field Experiments
4.1.1 World Magnetic Survey (D-06)

One of the major objectives of the OGO 4 mission was to
continue, extend, and refine the World Magnetic Survey which
had been initiated with OGO 2. The magnetic field experiment
D-06 (Cain) on OGO 4 obtained over 500 days of data, which
were equivalent to about 50 pole-to-pole magnetic surveys. When
the processing of the OGO 4 data for the period July 1967 to
December 1967 was completed, the resulting measurements were
combined with the OGO 2 data for the period October 1965 to
September 1967 to produce the POGO (10/68)* geomagnetic field
model (Cain and Langel, 1968). The same OGO 2 and OGO 4
data were used with data from other sources to derive the
International Geomagnetic Reference Field (Cain and Cain, 1971).
By adding the OGO 4 measurements for the period January 1968
to May 1968 to the POGO (10/68) data base, an improved POGO
(8/69) model was derived (Cain and Sweeney, 1970). These
measurements showed that accurate vector maps of the Earth's
field could be derived using only total field data** The POGO
geomagnetic field models have been used extensively as supporting
data for other satellite experiments.

4.12 Secular Field Variations (C-06)

Because of the extent and quality of the data, the
magnetometer data analysis was extended well beyond the basic
objectives of the World Magnetic Survey. Thus the data were
used to study the secular changes in the geomagnetic field. It was
found that the Earth’s main dipole (as represented by the first

The parenthetical notation (10/68) refers to the date when the model was{
completed.

**  Typical accuracies at POGO altitudes for the X, Y and Z field components were|

20, 40 and 50 gammas respectively. !

I1I-16

two spherical harmonic components of the field) continues to col-
lapse although the total field (which includes the higher: order
harmonics) remains approximately constant (Cain, 1971 and Cain,
1968).

4.1.3 Crustal Anomalies (C-06, D-06, F-21)

Magnetic materials in the Earth’s crust (i.e.,down to a
maximum depth of 20 km) produce magnetic anor?:ulies, which
can be quite strong near the Earth’s surface. These effects, however,
weaken rapidly with altitude, and at satellite altitudes of 250 to
500 km, the effects are comparable to the time variations of external
sources. It had therefore been assumed that crustal anomalies
would be undetectable from satellite altitudes. The data from
Cosmos 49 (launched October 24, 1964 in a very low 250-400 km
orbit) gave the first indications that these crustal anomalies might
be detectable. A subsequent statistical analysis of the low-
.ahtitude, minimal-geomagnetic-activity data from OGO 2(C-06),
OGO 4(D-06) and OGO 6(F-21) showed conclusively that crustal
anomalies could indeed be detected. (Regan et al, 1973)

4.14 Studies of the Equatorial Electrojet (D-06, F-21)

The term “equatorial electrojet” refers to an ionospheric
current assumed responsible for the very large values of the solar
quiet (Sq) daily magnetic variation (£F) observed near the magnetic
dip equator. A very comprehensive investigation of this phenomenon
was conducted using data from experiment D-06 on OGO 4 and
from experiment F-21 on OGO 6, which jointly provided over
2000 mid-day traversals over the electrojet during the interval 1967
to 1970. The electrojet was typically characterized by a sharp
negative V- Signature in the AF data, centered within 0.5 deg of
the dip equator. Numerous departures from the basic V-pattern
were also noted, particularly, but not always, during geomagnetic
disturbances (Cain and Sweeney, 1972).

4.1.5 Detection of Field-Aligned Current (D-05, D-11)

One particularly interesting result obtained with the OGO 4
scarch coil magnetometer (Experiment D-05, Smith) was the
detection at high latitudes of magnetic fluctuations which seemed
to be produced by field-aligned currents. To test this interpretation
the measured magnetic field disturbances were compared with
simultaneous observations of low-energy precipitated electron fluxes
measured with the OGO 4 auroral particles detector (Experiment
D-11, Hoffman). Definite correlations were found by Berko et al
(1975) during many nighttime satellite passes between the magnetic
fluctuations and the electron fluxes (with energies greater than 1
keV) measured by experiment D-11. The absence of correlations
for daytime observations suggested that the daytime magnetic
Euctuations were due to current fluxes with energy less than 1

eV.

4.2 Low-Energy Plasma Experiments
4.2.1 Global Sampling of Ion Composition (D-16, F-05)

The data from experiment D-16 (Taylor) on OGO 4 and
experiment F-05 (Taylor) on OGO 6 represent the most
comprehensive set of ion composition data acquired prior to 1974
in the 400- to 1100-km altitude range. A statistical study of this
extensive data base was undertaken to determine the average global
characteristics of the principal ionic species (Taylor, 1973). The
results of this continuing study will provide a major ion composition
input to the current international effort for the development of an
empirical ionospheric model between the altitudes of 100 and 1000
km.

4.2.2 The High-Latitude Light-lon Trough (D-16, F-03)

It was discovered with OGO 2 (see section 2.2.2) that light
ions such as H+ and He+ exhibit a sharp drop in density at 60
deg invariant latitude, ie. at the high-latitude boundary of the
plasmasphere. This drop or “trough™ was much less pronounced
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predecessors (the longest previous stabilized operation was 45 days
with OGO 3), and many POGO experimenters were able for the
first time to make measurements on an extended time scale. Except
for an oscillation problem caused by the 183 m (60 ft)
radio-astronomy antenna (Experiment D-01), which required
extensive manual controls from the ground during the entire
stabilized period, the OGO 4 spacecraft would have been the first
“nearly perfect” spacecraft of the OGO program. The oscillation
problem was solved on the next OGO simply by reducing the
antenna length to 9.1 m (30 ft), and the completely normal spacecraft
envisioned by the designers at the beginning of the program was
finally achieved with OGO 5.

About 15 of the 20 OGO 4 experiments can be considered
completely successful since each of these 15 experiments led to at
least one major journal publication. For about half of the successful
experiments the number of significant publications is five or greater.
The five experiments which cannot be considered ‘‘completely
successful” include: D-20 (Hinterreger) which failed two weeks
after launch before it could yield any useful data; D-17 (Newton)
which developed a large background ion current preventing the
measurement of atmospheric densities at OGO altitudes; D-18
(Nilsson) which experienced a severe degradation due to a high
level of noise in the data; D-01 (Haddock) which was also partially
disabled by high noise levels in the data; and D-15 (Jones) which
yielded data in a commutated format too complex for analysis,
Most of the above unsuccessful experiments had not been previously
performed in a satellite (except in the very unsatisfactory OGO 2
mission). These new and untried experiments were nevertheless
included in OGO missions because a few “high risk™ experiments
could be included in the very large OGO payloads (see last paragraph
of section 2 under II1.A).

The OGO 4 results are presented by major scientific
disciplines, following the order used previously for OGO 1, OGO
2, and OGO 3. .

4.1 Magnetic Field Experiments
4.1.1 World Magnetic Survey (D-06)

One of the major objectives of the OGO 4 mission was to
continue, extend, and refine the World Magnetic Survey which
had been initiated with OGO 2. The magnetic field experiment
D-06 (Cain) on OGO 4 obtained over 500 days of data, which
were equivalent to about 50 pole-to-pole magnetic surveys. When
the processing of the OGO 4 data for the period July 1967 o
December 1967 was completed, the resulting measurements were
combined with the OGO 2 data for the period October 1965 to
September 1967 to produce the POGO (10/68)* geomagnetic field
model (Cain and Langel, 1968). The same OGO 2 and OGO 4
data were used with data from other sources to derive the
International Geomagnetic Reference Field (Cain and Cain, 1971).
By adding the OGO 4 measurements for the period January 1968
to May 1968 to the POGO (10/68) data base, an improved POGO
(8/69) model was derived (Cain and Sweeney, 1970). These
measurements showed that accurate vector maps of the Earth’s
field could be derived using only total field data.** The POGO
geomagnetic field models have been used extensively as supporting
data for other satellite experiments.

4.1.2 Secular Field Variations (C-06)

Because of the extent and quality of the data, the
magnetometer data analysis was extended well beyond the basic
objectives of the World Magnetic Survey. Thus the data were
used to study the secular changes in the geomagnetic field. It was
found that the Earth’s main dipole (as represented by the first

The parenthetical notation (10/68) refers to the date when the model was[

completed.
**  Typical accuracies at POGO altitudes for the X, Y and Z field components were!
20, 40 and 50 gammas respectively.
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two spherical harmonic components of the field) continues ta - col--

lapse although the total field (which includes the higher order

harmonics) remains approximately constant (Cain, 1971 and Cain,

1968).
4.1.3 Crustal Anomalies (C-06, D-06, F-21)

Magnetic materials in the Earth’s crust (i.e.,, down to a
maximum_ depth of 20 km) produce magnetic anomalies, which
can be quite strong near the Earth’s surface. Theseeffects, however,
weaken rapidly with altitude, and at satellite altitudes of 250 to
500 km, the effects are comparable to the time variations of external
sources. It had therefore been assumed that crustal anomalies
would be undetectable from satellite altitudes. The data from
Cosmos 49 (launched October 24, 1964 in a very low 250-400 km
orbit) gave the first indications that these crustal anomalies might
be detectable. A subsequent statistical analysis of the = low-
altitude, minimal-geomagnetic-activity data from OGO 2(C-06),
OGO 4(D-06) and OGO 6(F-21) showed conclusively that crustal
anomalies could indeed be detected. (Regan et al, 1973)

4.1.4 Studies of the Equatorial Electrojet (D-06, F-21)

The term *‘equatorial electrojet” refers to an tonospheric
current assumed responsible for the very large values of the solar
quiet (Sq) daily magnetic variation (AF) observed near the magnetic
dip equator. A very comprehensive investigation of this phenomenon
was conducted using data from experiment D-06 on OGO 4 and
from experiment F-21 on OGO 6, which jointly provided over
2000 mid-day traversals over the electrojet during the interval 1967
to 1970. The electrojet was typically characterized by a sharp
negative V- Signature in the AF data, centered within 0.5 deg of
the dip equator. Numerous departures from the basic V-pattern
were also noted, particularly, but not always, during geomagnetic
disturbances (Cain and Sweeney, 1972).

4.1.5 Detection of Field-Aligned Current (D-05, D-11)

One particularly interesting result obtained with the OGO 4
search coil magnetometer (Experiment D-05, Smith) was the
detection at high latitudes of magnetic fluctuations which seemed
to be produced by field-aligned currents. To test this interpretation
the measured magnetic field disturbances were compared with
simultaneous observations of low-energy precipitated electron fluxes
measured with the OGO 4 auroral particles detector (Experiment
D-11, Hoffman). Definite correlations were found by Berko et al
(1975) during many nighttime satellite passes between the magnetic
fluctuations and the electron fluxes (with energies greater than 1
keV) measured by experiment D-11. The absence of correlations
for daytime observations suggested that the daytime magnetic
fluctuations were due to current fluxes with energy less than 1|
keV.

4.2 Low-Energy Plasma Experiments
4.2.1 Global Sampling of Ion Composition (D-16, F-05)

The data from experiment D-16 (Taylor) on OGO 4 and
experiment F-05 (Taylor) on OGO 6 represent the most
comprehensive set of ion composition data acquired prior to 1974
in the 400- to 1100-km altitude range. A statistical study of this
extensive data base was undertaken to determine the average global
characteristics of the principal ionic species (Taylor, 1973). The
results of this continuing study will provide a major ion composition
input to the current international effort for the development of an
empirical ionospheric model between the altitudes of 100 and 1000
km.

4.2.2 The High-Latitude Light-on Trough (D-16, F-05)

It was discovered with OGO 2 (see section 2.2.2) that light
ions such as H+ and He+ exhibit a sharp drop in density at 60
deg invariant latitude, i.e., at the high-latitude boundary of the
plasmasphere. This drop or *“trough™ was much less pronounced
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for the heavy ions (O+.N+). Although the OGO 2 discovery
was based upon only 10 days of dawn-dusk observations, it was a
first step in clearing a puzzling observation resulting from the
Alouette 1 electron density data. The Alouette 1 data exhibited a
well-defined trough in electron density at 60 deg invariant on the
nightside of the earth, but this trough was not seen on the dayside
(Muldrew, 1965).

A much more comprehensive study of high-latitude trough
occurrence for light and heavy ions was conducted by Taylor and
Walsh (1972) using data from OGO 4 (Experiment D-16) and from
OGO 6 (Experiment_F-03). It was found that the trough was
present at all jocal times for light ions, but only at night for the
heavy ions. Thus in the daytime when O+ is typically the dominant
ion, the total ion density (and hence the electron density) does not
exhibit a trough. The OGO results therefore showed that the
plasmapause is primarily a light-ion boundary.

4.2.3 Plasmapause Structure (D-16)

Under quiet magnetic conditions, the |plasmapause; is typically
characterized by a sharp and smooth drop in proton density.
Under disturbed conditions, the plasmapause is often poorly defined
due to large and irregular variations in the proton density. These
structured variations were investigated by Taylor etal, (1971) using
OGO 4 data (Experiment D-16) obtained at high latitude during
five consecutive satellite orbits following the peak of the magnetic
storm on September 21, 1967. The observations were interpreted
as evidence of a plasmatail (or clongation of the plasmasphere)
which tends to corotate with the Earth. The general features of
the plasmapause structure were found consistent with the dynamic
plasmapause model developed theoretically by Grebowsky (1971).

4.2.4 The Equatorial Helium-lon Trough (D-19, D-16)

The data from experiment D-19 (Chandra) and from experiment

D-16 (Taylor) both revealed the presence of a pronounced nighttime
depletion of helium ions at the equator in the akitude range of
700 to 900 km (Chandra et al, 1970; Taylor et al, 1970b). It was
concluded very recently by Chandra (1975) that the nighttime He+
trough at 700 - 900 km was produced by the same basic mechanism
which produces the well-known daytime ionospheric equatorial
anomaly* at lower altitudes. :

4.2.5 Measurements of lonospheric Temperatures (D-19)

Using data from experiment D-19, Chandra iétal’ (1970)
-investigated the latitudinal variation of electron temperature for
both nighttime and daytime conditions, and the latitudinal variation
of ion temperature for nighttime only.** The daytime electron

* The equatorial anomaly refers to the fact that a graph of noon values of electron

density at fixed height versus latitude exhibits a trough centered at the magnetic
dip equator with peaks 15 to 20 deg north and south. This behavior was considered
anomalous when first discovered because simple theoretical considerations had
predicted a single low-latitude peak at the subsolar point with densities decreasing
monotonically north and south towards the poles.

oA highly negative (-2 to -7 volts) spacecraft potential in the daytime on OGO

interfered with the daytime ion temperature measur This negative p ial
also interfered with the daytime ion position of experiment
D-16.

1
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temperatures were typically 2000 deg K at the equator and 3000
deg K at high latitudes. The nighttime ion temperatures were
found to be about 1500 deg K and relatively independent of
latitude.

It should be mentioned at this point that some disagreements
have existed in the past among the results obtained by the various
plasma temperature meusuring techniques (Benson, 1973). Many
comparisons have been made to evaluate the true extent of the
disagreements and hopefully to help resolve the differences. Such
a comparison was made at night between the ion temperatures
measured by experiment D-19 and the ion temperatures measured
simultaneously by the Jicamarca Incoherent Scatter Radar. It was
found by McClure and Troy (1971) that the OGO 4
measurements yielded values greater by a factor of 1.4. Recent
investigations show that these discrepancies could be explained by
a two-temperature plasma (Benson and Hoegy, 1973; Benson,
1973)

4.2.6 lonospheric Phenomena Associated with Midlatitude Red Arcs
(D-19)

Data from the OGO 4 retarding potential analyzer (experiment
D-19) and from a similar experiment on Explorer 31, were used
by Chandra et al (1971) to investigate the relative merits of three
competing theories for the production of midlatitude (subauroral)
red arcs. This investigation produced the first experimental evidence
for accepting the thermal conduction mechanism proposed by Cole
(1965) and for rejecting the dc electric field theory and the
low-energy electron precipitating flux theory. -

42.7 Field-Aligned 2.3 keV Electron Precipitation (D-11)

The OGO 4 Auroral Particle experiment (D-11, Hoffman) was .

the first experiment capable of measuring unambiguously the pitch
angle distribution of electrons at a given energy level in the auroral
regions.* This experiment provided a remarkable set of data which
led to 13 publications in refereed journals. One of the major
accomplishments was the discovery of field-aligned electrons
(Hoffman and Evans, 1968), which led to the conclusion that the
electron acceleration mechanism was due to electric fields parallel
to the magnetic field.** A synoptic study of these field-aligned
electrons was conducted by Berko (1973) to determine their spatial
distributions and spectral characteristics, and by Berko and Hoffman
(1974) to investigate their altitude and seasonal variations.

, 4.28 Identification of Particles Associated with Auroras (D-11)

Hoffman (1970) showed that the relatively steady, diffuse,
subvisual aurora known as the mantle aurora was associated with
electron fluxes having their peak energy at several keV. At slightly
higher latitudes, within the auroral oval, Hoffman and Berko (1971)
found that the dominant flux was at 0.7 keV which was the lowest
energy level monitored by experiment D-11. They showed that
these very low-energy fluxes were the cause of the high-altitude
red auroral forms which define the auroral oval on the dayside.
A more extensive investigation of electron fluxes measured by this
experiment and of their relationship to the auroral oval was
conducted by Gustafsson (1973).

* In the auroral zome the magnetic field is nearly vertical, i.e..aligned with the
vertical Z axis of the stabilized spacecraft. The D-11 detectors therefore measured
pitch angles which were essentially the same as their respective spacecralt angles,

%

The existence of these electric fields was not consistent with the conductivity concepts
of the carly sixties. The electric fields, however, could be explained by the newly
developed theories of anomalous plasma resistivity.
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for the heavy ions (O +,N+). Although the OGO 2 discovery
was based upon only 10 days of dawn-dusk observations, it was a
first step in clearing a puzzling observation resulting from the
Alouette 1 electron density data. The Alouette | data exhibited a
well-defined trough in electron density at 60 deg invariant on the
nightside of the earth, but this trough was not seen on the dayside
{Muldrew, 1965).

A much more comprehensive study of high-latitude trough
occurrence for light and heavy ions was conducted by Taylor and
Walsh (1972) using data from OGO 4 (Experiment D-16) and from
OGO 6 (Experiment F-05). It was found that the trough was
present at all local times for light ions, but only at night for the
heavy ions. Thus in the daytime when O+ is typically the dominant
ion, the total ion density (and hence the electron density) does not
exhibit a trough. The OGO results therefore showed that the
plasmapause is primarily a light-ion boundary.

4.2.3 Plasmapause Structure (D-16)

,
Under quiet magnetic conditions, the plasmapause: is typically
characterized by a sharp and smooth drop in proton density.
Under disturbed conditions, the plasmapause is often poorly defined
due to large and irregular variations in the proton density. These
structured variations were investigated by Taylog et 1971) using
OGO 4 data (Experiment D-16) obtained at high latitude during
five consecutive satellite orbits following the peak of the magnetic
storm on September 21, 1967. The observations were interpreted
as evidence of a plasmatail (or elongation of the plasmasphere)
which tends to corotate with the Earth. The general features of
the plasmapause structure were found consistent with the dynamic
plasmapause model developed theoretically by Grebowsky (1971).

4.2.4 The Equatorial Helium-lon Trough (D-19, D-16)

The data from experiment D-19 (Chandra) and from experiment
D-16 (Taylor) both revealed the presence of a pronounced nighttime
depletion of helium ions at the equator in the altitude range of
700 to 900 km (Chandra et al, 1970; Taylor et al, 1970b). It was
concluded very recently by Chandra (1975) that the nighttime He+
trough at 700 - 900 km was produced by the same basic mechanism
which produces the well-known daytime ionospheric equatorial
anomaly* at lower altitudes.

4.25 Mleasurements of lonospheric Temperatures (D-19)

Using data from experiment D-19, Chandra etal,, (1970)
investigated the latitudinal variation of mre for
both nighttime and daytime conditions, and the latitudinal variation
of ion temperature for nighttime only.** The daytime electron

* The cquatorial anomaly refers to the fact that a graph of noon values of electron

density at fixed height versus latitud a trough d at the

dip cquator with peaks 1S to 20 deg north and south. This behavior was considered
anomalous when first discovered because simple theoretical considerations had
predicted a single | peak at the subsolar point with densities decreasing
monotonically north and south towards the poles.

Intitud

oA highly negative (-2 to -7 volts) spacecraft potential in the daytime on OGO 4

intesfered with the daytime ion p This negative potential
also interfered with the daytime ion positi of cxperiment
D-16.
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temperatures were typically 2000 deg K at the equator and 3000
deg K at high latitudes. The nighttime ion temperatures were
found to be about 1500 deg K and relatively independent of
latitude.

It should be mentioned at this point that some disagreements
have existed in the past among the resuits obtained by the various
plasma temperature measuring techniques (Benson, 1973). Many
comparisons have been made to evaluate the true extent of the
disagreements and hopefully to help resolve the differences. Such
a comparison was made at night between the ion temperatures
measured by experiment D-19 and the ion temperatures measured
simultaneously by the Jicamarca Incoherent Scatter Radar. It was
found by McClure and Troy (1971) that the OGO 4
measurements yielded values greater by a factor of 1.4. Recent
investigations show that these discrepancies could be explained by
ailg‘;gvo-temperature plasma (Benson and Hoegy, 1973; Benson,

)

4.2.6 lonospheric Phenomena Associated with Midlatitude Red Arcs
(D-19)

Data from the OGO 4 retarding potential analyzer (experiment
D-19) and from a similar experiment on Explorer 31, were used
by Chandra et al (1971) to investigate the relative merits of three
competing theories for the production of midlatitude (subauroral)
red arcs. This investigation produced the first experimental evidence
for accepting the thermal conduction mechanism proposed by Cole
(1965) and for rejecting the dc electric field theory and the
low-energy electron precipitating flux theory.

427 Field-Aligned 2.3 keV Electron Precipitation (D-11)

The OGO 4 Auroral Particle experiment (D-11, Hoffman) was
the first experiment capable of measuring unambiguously the pitch
angle distribution of electrons at a given energy level in the auroral
regions.* This experiment provided a remarkable set of data which
led to 13 publications in refereed journals. One of the major
accomplishments was the discovery of field-aligned electrons
(Hoffman and Evans, 1968), which led to the conclusion that the
electron acceleration mechanism was due to electric fields parallel
to the magnetic field.** A synoptic study of these field-aligned
electrons was conducted by Berko (1973) to determine their spatial
distributions and spectral characteristics, and by Berko and Hoffman
(1974) to investigate their altitude and seasonal variations.

4.2.8 ldentification of Particles Associated with Auroras (D-11)

Hoffman (1970) showed that the relatively steady, diffuse,
subvisual aurora known as the mantle aurora was associated with
electron fluxes having their peak energy at several keV. At slightly
higher latitudes, within the auroral oval, Hoffman and Berko (1971
found that the dominant flux was at 0.7 keV which was the lowest
energy level monitored by experiment D-11. They showed that
these very low-encrgy fluxes were the cause of the high-altitude
red auroral forms which define the auroral oval on the dayside.
A more extensive investigation of electron fluxes measured by this
experiment and of their relationship to the auroral oval was
conducted by Gustafsson (1973).

* In the auroral zone the magnetic field is nearly vertical, i.e..zligm;d with the |

vertical Z axis of the stabilized spacecraft. The D-11 d s theref, a|
pitch angles which were essentially the same as their respective spacecraft angles.

**  The existence of these electric fields was not cc with the ductivity

of the early sixties. The clectric fields, however, could be explained by the newly
developed theories of i L ivi

P Stivity.
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. of ion temperature for nighttime only.**

for the heavy ions (O+,N+). Although the OGO 2 discovery
was based upon only 10 days of dawn-dusk observations, it was a
first step in clearing a puzzling observation resulting from the
Alouette 1 electron density data. The Alouette 1 data exhibited a
well-defined trough in electron density at 60 deg invariant on the
nightside of the earth, but this trough was not seen on the dayside
(Muldrew, 1965).

A much more comprehensive study of high-latitude trough
occurrence for light and heavy ions was conducted by Taylor and
Walsh (1972) using data from OGO 4 (Experiment D-16) and from
OGO 6 (Experiment F-05). It was found that the trough was
present at all local times for light ions, but only at night for the
heavy ions. Thus in the daytime when O +is typically the dominant
ion, the total ion density (and hence the electron density) does not
exhibit a trough. The OGO results therefore showed that the
plasmapause is primarily a light-ion boundary.

4.2.3 Plasmapause Structure (D-16)

Under quiet magnetic conditions, the plasmapause; is typically
characterized by a sharp and smooth drop in proton density.
Under disturbed conditions, the plasmapause is often poorly defined
due to large and irregular variations in the proton density. These
structured variations were investigated by Taylor et al,(1971) using
OGO 4 data (Experiment D-16) obtained at high lafitude during
five consecutive satellite orbits following the peak of the magnetic
storm on September 21, 1967. The observations were interpreted
as evidence of a plasmatail (or elongation of the plasmasphere)
which tends to corotate with the Earth. The general features of
the plasmapause structure were found consistent with the dynamic
plasmapause model developed theoretically by Grebowsky (1971).

424 The Equaterial Helium-lon Trough (D-19, D-16)

The data from experiment D-19 (Chandra) and from experiment
D-16 (Taylor) both revealed the presence of a pronounced nighttime
depletion of helium ions at the equator in the altitude range of
700 to 900 km (Chandra et al, 1970; Taylor et al, 1970b). It was
concluded very recently by Chandra (1975) that the nighttime He+
trough at 700 - 900 km was produced by the same basic mechanism
which produces the well-known daytime ionospheric equatorial
anomaly* at lower altitudes.

425 Measurements of lonospheric Temperatures (D-19)

Using data from experiment D-19, Chandra et al,(1970)
investigated the latitudinal variation of electron temmra&rc for
both nighttime and daytime conditions, and the latitudinal variation
The daytime electron

*

density at fixed height versus latitude exhibits a trough d at the i
dip equator with peaks IS to 20 deg north and south. This behavior was considered
anomalous when first discovered because simple theorctical considerations had
predicted a single low-latitude peak at the subsolar point with densities decreasing
monotonically north and south towards the poles.

The equatorial anomaly refers to the fact that a graph of noon values of electron i
i

** A highly negative (-2 to -7 volts) spacecraft potential in the daytime on OGO 4
interfered with the daytime ion temp This negative potential
also interfered with the dayti ion composition of experiment

D-16.
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temperatures were typically 2000 deg K at the equator and 3000
deg K at high latitudes. The nighttime ion temperatures were
found to be about 1500 deg K and relatively independent of
latitude.

It should be mentioned at this point that some disagreements
have existed in the past among the results obtained by the various
plasma temperature measuring techniques (Benson, 1973). Many
comparisons have been made to evaluate the true extent of the
disagreements and hopefully to help resolve the differences. Such
a comparison was made at night between the ion temperatures
measured by experiment D-19 and the ion temperatures measured
simultaneously by the Jicamarca Incoherent Scatter Radar. It was
found by McClure and Troy (1971) that the OGO 4
measurements yielded values greater by a factor of 1.4. Recent
investigations show that these discrepancies could be explained by
a t;vo-temperature plasma (Benson and Hoegy, 1973; Benson,
1973)

4.2.6 lonospheric Phenomena Associated with Midlatitude Red Arcs
(D-19)

Data from the OGO 4 retarding potential analyzer (experiment
D-19) and from a similar experiment on Explorer 31, were used
by Chandra et al (1971) to investigate the relative merits of three
competing theories for the production of midiatitude (subauroral)
red arcs. This investigation produced the first experimental evidence
for accepting the thermal conduction mechanism proposed by Cole
(1965) and for rejecting the dc electric field theory and the
low-energy electron precipitating flux theory.

427 Field-Aligned 2.3 keV FElectron Precipitation (D-11)

The OGO 4 Auroral Particle experiment (D-11, Hoffman) was
the first experiment capable of measuring unambiguously the pitch
angle distribution of electrons at a given energy level in the auroral
regions.* This experiment provided a remarkable set of data which
led to 13 l;‘)ublications in refereed journals. One of the major
accomplishments was the discovery of field-aligned electrons
(Hoffman and Evans, 1968), which led to the conclusion that the
electron acceleration mechanism was due to electric fields parallel
to the magnetic field.** A synoptic study of these ficld-aligned
electrons was conducted by Berko (1973) to determine their spatial
distributions and spectral characteristics, and by Berko and Hoffman
(1974) to investigate their altitude and seasonal variations.

428 ldentification of Particles Associated with Auroras (D-11)

Hoffman (1970) showed that the relatively steady, diffuse,
subvisual aurora known as the mantle aurora was associated with
electron fluxes having their peak energy at several keV. At slightly
higher latitudes, within the auroral oval, Hoffman and Berko (1971)
found that the dominant flux was at 0.7 keV which was the lowest
energy level monitored by experiment D-11. They showed that
these very low-energy fluxes were the cause of the high-altitude
red auroral forms which define the auroral oval on the dayside.
A more extensive investigation of electron fluxes measured by this
experiment and of their relationship to the auroral oval was
conducted by Gustafsson (1973).

*

vertical Z axis of the stabilized sp ft. The D-11 d s Peret, d
pitch angles which were essentially the same as their respective spacecraft angles. i

The existence of these electric ficlds was not consistent with the conductivity concepts i
of the early sixties. The electric fields, however, could be explained by the newly !

developed theories of anomalous plasma resistivity. H
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4.29 Erosion of the Dayside Magnetosphere (D-11)

The magnetopause has been observed to move inward following
a reversal of the vertical component of the interplanetary field
from northward to southward.  This inward motion has been
explained by an erosion mechanism whereby the outer, closed,
dayside magnetic lines combine with the interplanetary field and
become open 1ail lines. The transition region between open and
closed field lines moves southward as a result of this field-line
transfer. The transition region is of considerable interest since it
appears to provide a funnel (polar cusp*) through which low-energy
electrons can travel from the magnetosheath down to the lower
atmosphere. The position of the transition region can therefore
be determined from a mapping of the low-energy electron flux.

Burch (1972), using the low-energy electron-flux data from
experiment D-11, found that the polar cusp moved southward at
a rate of 0.1 degree per minute following an abrupt north-to-south
reversal of the interplanetary field. This was the first time that
such a measurement was made and it provided the first quantitative
Tesults concerning the erosion rate of the dayside magnetosphere.
The initial study which applied to abrupt reversals of the
interplanetary field was later extended to include gradual changes
in the interplanetary field (Burch, 1973).

4.2.10 Electron Precipitation Patterns and Substorm Morphology
(D-11)

Closely related to the topics discussed under 4.2.7, 4.2.8, and
4.2.9 is the subject of soft electron fluxes associated with the
development and recovery of auroral substorms. A major study
of this subject was conducted by Hoffman and Burch (1973) who
identified five phases in typical substorms and the corresponding
electron-flux patterns and auroral forms. This investigation alsg
provided some evidence suggesting the existence of neutral lines in
the magnetospheric tail.

4.3 Energetic Particle Measurements
4.3.1 Radiation Belt Studies (D-10)

Using the data from the trapped particle detectors in experiment
D-10 (Van Allen), Fritz and Krimigis (1969) measured the ratio of
trapped alpha particles to trapped protons, at energies lower than
had previously been measured and within several energy intervals,
The results indicated that solar wind protons and alpha particles
of the same velocity were most probably thermalized upon entering
the shock transition region.

43.2 Solar X-rays (D-21)

The Solar X-ray Emission experiment (D-21, Kreplin) provided
solar X-ray fluxes in four bands, 0.5-3 A, 1-8 A, 8-16 A, and 44
to 60 A with much greater time resolution and dynamic range
than had previously been available. The data from experiment D-21
made it possible to investigate for the first time the detailed history
of X-ray emissions during solar X-ray flares in several wavelength
bands (Kreplin etal,| 1969). It was shown that the 1-8 A flux
maximum occurred 1.5 min after the 0.5-3 A flux maximum, and
that the 8-20 A flux reached its maximum 5 min later, The
0.5-3 A flux was observed to rise and fall more rapidly than the
softer radiation.

The improved data obtained with experiment D-21 were also
used as a data base for other studies. For example, it was first
shown by Kreplin et al’ (1970) that X-ray flares of photon energy
greater than 20 keV (0.6 A) matched microwave bursts closely in
initial time, total duration, and detailed structure. Matching

*

Although not Iabelled, the polar cusps can be seen on the frontispiece; the

magnetosheath flux leakage is indicated by the use of identical cross hatching in:

the magnetosheath and in the polar cusps. -
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structures were not evident, however, for the softer X-ray bursts
(with energy less than 20 keV). Other examples of studies based
upon the D-21 data include the first detailed correlation between
enhanced solar X-ray flux and short wave fade-outs (Schwentek et
al, 1971) and one of the first efforts to derive solar electron
temperatures and emission measures* associated with solar flares
(Horan, 1970).

4.33 Latitude Dependence of Cosmic-Ray Cut-ofi (D-08, D-09,
D-07) .

Using data from experiment D-08 (Low-Energy Proton and
Alpha-Particle Measurements, Simpson) Fanselow and Stone
(1972) investigated the vertical geomagnetic cut-off for cosmic-ray
protons at seven energy intervals between 1.2 and 39 MeV. This
study yielded nearly one order of magnitude more data during
geomagnetically quiet times (Kp<1+) than had previously been
reported at even one of these energies. In addition, the energy
resolution was significantly better than for previous instruments.
The observations, which were organized as a function of magnetic
equatorial time, showed that the cosmic-ray cut-off at midnight
occurred essentially at the same invariant latitude (65 deg) for the
seven energy intervals. The cut-off latitude at noon exhibited a
much greater energy dependence (66 deg for 24.4 MeV protons
and 72 deg for 1.3 MeV protons).

The Galactic and Solar Cosmic-Ray experiment (D-09, Webber)
was basically capable of resolving both the energy (within the range
50 to 2000 MeV/nucleon) and the composition (up to Z = 10) of
cosmic rays. Considerably improved data, however, became
available from later spacecraft shortly after the 0GO 4 data analysis
had gotten under way, and the OGO 4 studies were limited to a
few weeks’ worth of proton and alpha-particle data. The 0GO 4
effort (Sawyer, 1975) yielded proton cut-off rigidities in the Earth's
magnetic field under both quiet and solar flare conditions, The
results, which included much higher energies than previously
measured, showed that the quiet time cut-offs were at lower latitudes
than predicted from field models. From the latitude dependence
of this cut-off, it was concluded that ring currents were the main
cause of the cut-off depression.

The data from the lonization Chamber (Experiment D-07,
Anderson) was used to extend the study of the cosmic-ray knee
initiated with the corresponding OGO 2 experiment (see section
2.3.3). The OGO 4 results showed that the knee latitude was 0.6
deg lower (closer to the €quator) in August 1967 than measured
by OGO 2 during the October 1965 to February 1966 period (George,
1970).

434 Electron Polar Cap (D-08)

Observations of energetic electron flux (with energy greater than
a few hundred keV) reveal a nearly constant flux in the polar
regions corresponding to the open geomagnetic field lines. This
region, known as the electron polar cap, exhibits a sharp boundary
at the latitude separating open and closed field lines, Using electron
data (E >530 keV) from experiment D-08, Evans and Stone (1972)
conducted a mapping of the boundary between open and closed
field lines (under geomagnetically quiet conditions) which was much
more comprehensive than that previously available.

The electron flux near the edge of the polar cap frequently
exhibits brief and rapid increases, by typically one order of
magnitude. These increases, known as electfron spikes, have been

- investigated extensively by Brown and Stone (1972).  This study
i which included. over 750 spike observations, showed that the
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4.29 Erosion of the Dayside Magnetosphere (D-11)

The magnetopause has been observed to move inward following
a reversal of the vertical component of the interplanetary field
from northward to southward. This inward motion has been
explained by an erosion mechanism whereby the outer, closed,
dayside magnetic lines combine with the interplanetary field and
become open tail lines. The transition region between open and
closed field lines moves southward as a result of this field-line
transfer. The transition region is of considerable interest since it
appears to provide a funnel (polar cusp*) through which low-energy
electrons can travel from the magnetosheath down to the lower
atmosphere. The position of the transition region can therefore
be determined from a mapping of the low-energy electron flux.

Burch (1972), using the low-energy electron-flux data from
experiment D-11, found that the polar cusp moved southward at
a rate of 0.1 degree per minute following an abrupt north-to-south
reversal of the interplanetary field. This was the first time that
such a measurement was made and it provided the first quantitative
results concerning the erosion rate of the dayside magnetosphere.
The initial study which applied to abrupt reversals of the
interplanetary field was later extended to include gradual changes
in the interplanetary field (Burch, 1973).

4.2.10 Electron Precipitation Patterns and Substorm Morphology
(D-11)

Closely related to the topics discussed under 4.2.7, 4.2.8, and
4.2.9 is the subject of soft electron fluxes associated with the
development and recovery of auroral substorms. A major study
of this subject was conducted by Hoffman and Burch (1973) who
identified five phases in typical substorms and the corresponding
electron-flux patterns and auroral forms. This investigation also
provided some evidence suggesting the existence of neutral lines in
the magnetospheric tail.

4.3 Energetic Particle Measurements
4.3.1 Radiation Belt Studies (D-10)

Using the data from the trapped particle detectors in experiment
D-10 (Van Allen), Fritz and Krimigis (1969) measured the ratio of
trapped alpha particles to trapped protons, at energies lower than
had previously been measured and within several energy intervals.
The results indicated that solar wind protons and alpha particles
of the same velocity were most probably thermalized upon entering
the shock transition region.

4.3.2 Solar X-rays (D-21)

The Solar X-ray Emission experiment (D-21, Kreplin) provided
solar X-ray fluxes in four bands, 0.5-3 A, 1-8 A, 8-16 A, and 4
to 60 A with much greater time resolution and dynamic range
than had previously been available. The data from experiment D-21
made it possible to investigate for the first time the detailed history
of X-ray emissions during solar X-ray flares in several wavelength
bands (Kreplin etal,| 1969). It was shown that the 1-8 A flux
maximum occurred 1.5 min after the 0.5-3 A flux maximum, and
that the 8-20 A flux reached its maximum 5 min later. The
0.5-3 A flux was observed to rise and fall more rapidly than the
softer radiation.

The improved data obtained with experiment D-21 were also
used as a data base for other studies. For example, it was first
shown by Kreplin etal, (1970) that X-ray flares of photon energy
greater than 20 keV (0.6 A) matched microwave bursts closely in
initial time, total duration, and detailed structure. Matching

* Although not labelled, the polar cusps can be seen on the frontispiece; the!

magnetosheath flux leakage is indicated by the use of identical cross hatching in:
the magnetosheath and in the polar cusps. -

structures were not evident, however, for the softer X-ray bursts
(with energy less than 20 keV). Other examples of studies based
upon the D-21 data include the first detailed correlation between
enhanced solar X-ray flux and short wave fade-outs (Schwentek et
al, 1971) and one of the first efforts to derive solar electron
temperatures and emission measures* associated with solar flares
(Horan, 1970).

433 Latitude Dependence of Cosmic-Ray Cut-ofi (D-08, D-09,
D-07) .

Using data from experiment D-08 (Low-Energy Proton and
Alpha-Particle Measurements, Simpson) Fanselow and Stone
(1972) investigated the vertical geomagnetic cut-off for cosmic-ray
protons at seven energy intervals between 1.2 and 39 MeV. This
study yielded nearly one order of magnitude more data during
geomagnetically quiet times (Kp<1+) than had previously been
reported at even one of these energies. In addition, the energy
resolution was significantly better than for previous instruments.
The observations, which were organized as a function of magnetic
equatorial time, showed that the cosmic-ray cut-off at midnight
occurred essentially at the same invariant latitude (65 deg) for the
seven energy intervals. The cut-off latitude at noon exhibited a
much greater energy dependence (66 deg for 24.4 MeV protons
and 72 deg for 1.3 MeV protons).

The Galactic and Solar Cosmic-Ray experiment (D-09, Webber)
was basically capable of resolving both the energy (within the range
50 to 2000 MeV/nucleon) and the composition (up to Z = 10) of
cosmic rays. Considerably improved data, however, became
available from later spacecraft shortly after the OGO 4 data analysis
had gotten under way, and the OGO 4 studies were limited to a
few weeks® worth of proton and alpha-particle data. The OGO 4
effort (Sawyer, 1975) yielded proton cut-off rigidities in the Earth’s
magnetic field under both quiet and solar flare conditions. The
results, which included much higher energies than previously
measured, showed that the quiet time cut-offs were at lower latitudes
than predicted from field models. From the latitude dependence
of this cut-off, it was concluded that ring currents were the main
cause of the cut-off depression.

The data from the lonization Chamber (Experiment D-07, .

Anderson) was used to extend the study of the cosmic-ray knee
initiated with the corresponding OGO 2 experiment (see section
2.3.3). The OGO 4 results showed that the knee latitude was 0.6
deg: lower (closer to the equator) in August 1967 than measured
by OGO 2 during the October 1965 to February 1966 period (George,
1970).

434 Electron Polar Cap (D-08)

Observations of energetic electron flux (with energy greater than
a few hundred keV) reveal a nearly constant flux in the polar
regions corresponding to the open geomagnetic field lines. This
region, known as the electron polar cap, exhibits a sharp boundary
at the latitude separating open and closed field lines. Using electron
data (E >530 keV) from experiment D-08, Evans and Stone (1972)
conducted a mapping of the boundary between open and closed
field lines (under geomagnetically quiet conditions) which was much
more comprehensive than that previously available.

The electron flux near the edge of the polar cap frequently
exhibits brief and rapid increases, by typically one order of
magnitude. These increases, known as electron spikes, have been

. investigated extensively by Brown and Stone (1972). This study
i which included over 750 spike observations, showed that the
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4.29 Erosion of the Dayside Magnetosphere (D-11)

The magnetopause has been observed to move inward following
a reversal of the vertical component of the interplanetary field
from northward to southward. This inward motion has been
explained by an erosion mechanism whereby the outer, closed,
dayside magnetic lines combine with the interplanetary field and
become open tail lines. The transition region between open and
closed field lines moves southward as a result of this field-line
transfer. The transition region is of considerable interest since it
appears to provide a funnel (polar cusp*) through which low-energy
electrons can travel from the magnetosheath down to the lower
atmosphere. The position of the transition region can therefore
be determined from a mapping of the low-energy electron flux.

Burch (1972), using the low-energy electron-flux data from
experiment D-11, found that the polar cusp moved southward at
a rate of 0.1 degree per minute following an abrupt north-to-south
reversal of the interplanetary field. This was the first time that
such a measurement was made and it provided the first quantitative
results concerning the erosion rate of the dayside magnetosphere.
The initial study which applied to abrupt reversals of the
interplanetary field was later extended to include gradual changes
in the interplanetary field (Burch, 1973).

4.2.10 Electron Precipitation Patterns and Substorm Morphology
(D-11)

Closely related to the topics discussed under 4.2.7, 4.2.8, and
4.2.9 is the subject of soft electron fluxes associated with the
development and recovery of auroral substorms. A major study
of this subject was conducted by Hoffman and Burch (1973) who
identified five phases in typical substorms and the corresponding
electron-flux patterns and auroral forms. This investigation also
provided some evidence suggesting the existence of neutral lines in
the magnetospheric tail.

4.3 Energetic Particle Measurements
43.1 Radiation Belt Studies (D-10)

Using the data from the trapped particle detectors in experiment
D-10 (Van Allen), Fritz and Krimigis (1969) measured the ratio of
trapped alpha particles to trapped protons, at energies lower than
had previously been measured and within several energy intervals.
The results indicated that solar wind protons and alpha particles
of the same velocity were most probably thermalized upon entering
the shock transition region.

4.3.2 Solar X-rays (D-21)

The Solar X-ray Emission experiment (D-21, Kreplin) provided
solar X-ray fluxes in fo s, 0.5-3 A, 1-8 A, 8-16 A, and 44
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structures were not evident, however, for the softer X-ray bursts
(with energy less than 20 keV). Other examples of studies based
upon the D-21 data include the first detailed correlation between
enhanced solar X-ray flux and short wave fade-outs (Schwentek et
al, 1971) and one of the first efforts to derive solar electron
temperatures and emission measures* associated with solar flares
(Horan, 1970).

4.3.3 Latitude Dependence of Cosmic-Ray Cut-ofi (D-08, D-09,
D-07)

Using data from experiment D-08 (Low-Energy Proton and
Alpha-Particle Measurements, Simpson) Fanselow and Stone
(1972) investigated the vertical geomagnetic cut-off for cosmic-ray
protons at seven energy intervals between 1.2 and 39 MeV. This
study yielded nearly one order of magnitude more data during
geomagnetically quiet times (Kp<1+) than had previously been
reported at even one of these energies. In addition, the energy
resolution was significantly better than for previous instruments.
The observations, which were organized as a function of magnetic
equatorial time, showed that the cosmic-ray cut-off at midnight
occurred essentially at the same invariant latitude (65 deg) for the
seven energy intervals. The cut-off latitude at noon exhibited a
much greater energy dependence (66 deg for 24.4 MeV protons
and 72 deg for 1.3 MeV protons).

The Galactic and Solar Cosmic-Ray experiment (D-09, Webber)
was basically capable of resolving both the energy (within the range
50 to 2000 MeV/nucleon) and the composition (up to Z = 10) of
cosmic rays. Considerably improved data, however, became
available from later spacecraft shortly after the OGO 4 data analysis
had gotten under way, and the OGO 4 studies were limited to a
few weeks® worth of proton and alpha-particle data. The OGO 4
effort (Sawyer, 1975) yielded proton cut-off rigidities in the Earth’s
magnetic field under both quiet and solar flare conditions. The
results, which included much higher energies than previously
measured, showed that the’quiet time cut-offs were at lower latitudes
than predicted from field models. From the latitude dependence
of this cut-off, it was concluded that ring currents were the main
cause of the cut-off depression.

The data from ‘the Ionization Chamber (Experiment D-07,
Anderson) was used to extend the study of the cosmic-ray knee
initiated with the corresponding OGO 2 experiment (see section
2.3.3). The OGO 4 results showed that the knee latitude was 0.6
deg lower (closer to the equator) in August 1967 than measured
by ((Z))GO 2 during the October 1965 to February 1966 period (George,
1970).

434 Electron Polar Cap (D-08)

Observations of energetic electron flux (with energy greater than
a few hundred keV) reveal a nearly constant flux in the polar
regions corresponding to the open geomagnetic field lines. This
region, known as the electron polar cap, exhibits a sharp boundary
at the latitude separating open and closed field lines. Using electron
data (E >530 keV) from experiment D-08, Evans and Stone (1972)
conducted a mapping of the boundary between open and closed
field lines (under geomagnetically quiet conditions) which was much
more comprehensive than that previously available.

The electron flux near the edge of the polar cap frequently
exhibits brief and rapid increases, by typically one.order of
magnitude. These increases, known as electron spikes, have been
investigated extensively by Brown and Stone (1972). This study
which included over 750 spike observations, showed that the
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spikes could be divided into three distinct populations depending
on .whethcr they occur at latitudes below, at, or above the local
limit of trapping.

4.4 Radio Physics Experiments
4.4.1 VLF Investigations (D-02, D-03)

A remarkable variety of VLF phenomena, first identified with
OGO experiments, has been described in sections 1.4.1 (OGO 1),
2.4.1 (OGO 2), and 3.4.1 (OGO 3). With the OGO 4 experiments
the long list of accomplishments in the VLF discipline continued
to grow very significantly.

The following phenomena were first identified with the data
from experiment D-02 (Helliwell): equatorial erosion, which is a
steady decrease in the high-frequency cut-off of whistlers as the
satellite approaches the magnetic equator (Scarabucci, 1970);
banded whistlers, which are broadly dispersed whistlers discontinuous
at one or more frequencies (Paymar, 1972); whistler striations, which
are amplitude enhancements in bands of frequencies exhibiting either
a steady increase or decrease (in frequency) over extended periods
of time, and giving rise to a striated appearance on compressed
frequency-vs-time records (Kimura, 1971; Dantas, 1972); and
band-limited ELF hiss (BLH), a continuous noise band observed
from 10- to 55-deg dipole latitude and exhibiting an upper cut-off
in the vicinity of 600 Hz, which is nearly independent of satellite
altitude and latitude (Muzzio and Angerami, 1972).

Propagation studies conducted with experiment D-02 led to
the identification of the pro-longitudinal (PL) mode, a new type
of non-ducted whistler propagation in the magnetosphere. The
original identification of the PL mode was greatly aided by measuring
on OGO 4 the same signal with two receivers having very different
bandwidths. This made it possible to estimate the Doppler shift,
an essential parameter for the interpretation of these observations
(Scarabucci, 1969).

The information obtained with experiment D-02 was also used
as a data base for other studies, such as the investigation of
magnetospheric substorms by Carpenter and Chappell (1973). In
this particular case, the VLF data were used to monitor the gradual
erosion of the plasmapause during a weak magnetic storm.

Some of the VLF data observed on OGO 2 with experiment
C-03 were interpreted as LHR emissions (see section 24.1), an
emission which depends upon the electron concentration, the ion
composition, and the intensity of the Earth’s magnetic field. The
LHR interpretation was confirmed by comparing similar VLF
observations from experiment D-03 (Morgan) on OGO 4 with
simultaneous ion composition and density data from experiment
D-16 (Laaspere and Taylor, 1970).

Auroral hiss data from experiment D-03 were compared with
simultaneous low-energy electron precipitation measured by
experiment D-11 because earlier work by Gurnett (1966) and Hartz
(1970) had indicated that a direct refationship existed between hiss
and precipitation. It was found that VLF hiss correlated well with
precipitation events at 0.7 keV, but poorly with activity at 2.3 and
7.3 keV (Hoffman and Laaspere, 1972).

The VLF data from experiment D-03 also led to the first
observations of harmonic ion cyclotron resonances (Kikuchi, 1970).
Since only a few examples of these (still unexplained) resonances
could be found, Kikuchi (1970) concluded that the excitation
mechanism had to involve excitation conditions that can be satisfied
only under very special circumstances.

4.42 Antenna Impedance Measurements (D-01)

Experiment D-01 (Haddock) was partially disabled by a high
noise level in the radiometer data caused by radio-frequency
interference generated within the spacecraft. The noise level made
it impractical to conduct the planned radio astronomy experiment
(mapping the brightness temperature of the sky at 2.5 MHz). The
planned antenna impedance measurements, however, were not
affected by the interference and they represent a useful body of
data for the study of the behavior of antennas in the ionospheric
plasma (Potter, 1970).

OVERVIEW

. 4.5{ Optical Experiments:
| .

[4.5.1 Visible and Near UV Airglow (D-12) !

Experiment D-12 (Airglow and Auroral Study, Reed) provide
the first global mapping of airglow in the visible and near
ultra-violet wavelengths (Reed et al, 1973). One of the most!
surprising results was the pronounced asymmetry in intensities
observed between the southern and northern hemispheres (Chandra
et al, 1973). Also unexpected were the large differences between
the equinox and winter solstice data, particularly at 2630 A and
5577 A, giving support to the idea that there are large variations
in the density of the neutral atmosphere at 100 km (62 mi) (Reed
and Chandra, 1975).

This global mapping of airglow is a unique and valuable source
of information. Although the primary data reduction is essentially
completed, only a relatively small portion has been thoroughly
analyzed and published.  The correlations between electron
temperatures and SAR arcs were discussed under section 4.2.6.
New information continues to be derived from the data from
experiment D-12 such as the correlations between red arcs in the
northern and southern hemispheres (Reed and Blamont, 1974) and
the possibility of using airglow data as an indicator of the altitude
and density of the F-region maximum (Chandra et al, 1975).

I
452 Lyman-Alpha and UV Airglow (D-13, D-14)

Airglow measurements in the far ultraviolet by experiment
D-13 (Lyman-Alpha and UV Airglow Study, Mange) have led to
the discovery of far ultraviolet airglow in the equatorial zone (Hicks
and Chubb, 1970). The detectors from experiment D-13 showed
that these emissions occurred in the 1230- to 1350-A band and in
the 1350- to 1550-A band. A more precise identification by the
UV Spectrometer of experiment D-14 (Barth) showed that the
equatorial UV airglow was caused by oxygen lines at 1304 and
1356 A (Barth and Shaffner, 1970). The observations reported by
Hicks and Chubb (1970) indicated a strong seasonal and local
time dependence but more importantly a high degree of symmetry
with respect to the magnetic dip equator. The symmetrical 1356-A
emission data (which depend primarily upon Nm, the maximum
electron density at the F-2 peak) were combined with the
asymmetrical 6300-A data from experiment D-12 (which depend
upon both Nm and hm, the height corresponding to Nm) to conduct
the study mentioned at the end of section 4.5.1. This study showed
that airglow data offer the possibility of mapping the height and
density of the F-2 peak over extended areas, a measurement which
has not yet been achieved by other techniques.

Other discoveries made with the data from experiment D-13
include the depressions in the Lyman-alpha and 1304-A emissions
over the poles (Meier, 1970), the 1304-A conjugate enhancements
(Meier, 1971), and the observations of Lyman-Birge-Hopfield
emission in the daytime airglow (Prinz and Meier, 1971).

An entirely new look at the morphology of auroras has been
obtained with the far ultraviolet data from experiment D-13. The
results presented by Chubb and Hicks (1970) showed that auroral
arcs were easily detectable even in full sunlight, and that the aurora
was continuously present with little difference between southern
and northern hemispheres. The morphology of the far ultraviolet
aurora was found to be quite similar to that of the visible aurora.

The many results from experiment D-13 also include long term
studies on the geocoronal Lyman-alpha emission (Meier and Mange,
1970) and on the temporal variation in the solar Lyman-alpha
flux (Meier, 1969).

The first global measurements of nitric oxide from a satellite
were made with the OGO 4 ultraviolet scanning spectrometer
(Experiment D-14, Barth). The measurements, which are based
upon observations of nitric oxide fluorescence at 2150 A, showed
that the nitric oxide content of the atmosphere is relatively stable
between 40°N and 40°S above about 70 km (Rusch, 1973). Although
similar measurements have been planned for the AE-C mission
(launched Dec. 16, 1973), the AE-C results have not yel been
published. Thus, at the present time (Spring, 1975), the OGO 4
measurements of nitric oxide are the only ones of this type.
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4.6 Interphanetary Dust Particles (D-18)

The usefulness of experiment D-1§ (Interplanctary Dust

Purticies, Nilssou) was very limited because of high noise leveis in

the rear sensor.  Many of the observed microphone events were

clearly triggered by noise.  An upper limit to the flux of particles

greater than 1012 grams was calculated based upon 49 events which

' could have been real micrometeoroid impacts. The resulting flux

value was: &<7 x 103 particles/m? sec 2aster (Nilsson et al, 1969).

The comment made under section 3.6 concerning the validity of
microphone data is also applicable to experiment D-18.
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0GO 1|

SPACECRAFT CHARACTERISTICS

COMMON NAME ..o, 0GO 1

ALTERNATE NAMES ............. EOGO 1, EGO-1,
EGO-A, OGO-A, 00879,
$49

NSSDC ID ......ccooviviccicrrnneinenna, 64-054A

LAUNCH DATE ..... .. 09/05/64

WEIGHT IN ORBIT .. 487 kg
LAUNCH SITE ..ocooiiiieeeeeeenn. Cape Canaveral, United
States

LAUNCH VEHICLE ..........ccoeee.. Atlas-Agena B

SPONSORING COUNTRY . .. United States

SPONSORING AGENCY NASA-OSSA

ORBIT PARAMETERS INITIAL LATER
Epoch Date .......cccooovveuviviviennns 09/07/64  03/03 /69
Apogee (km alt) ..........occoovveiniil. 149,385 111,135
Perigee (km alt) 38,581
Period (min) ...... 3839
Inclination (deg) 58.1

PERSONNEL

‘ Project Manager -
W. E. Scull - NASA-GSFC - Greenbelt, Maryland

Project Scientist —

G. H. Ludwig - NASA-GSFC - Greenbelt, Maryland
Program Manager —

C. D. Ashworth - NASA Hq - Washington, DC
Program Scientist —

A. W. Schardt - NASA Hq - Washington, DC

BRIEF DESCRIPTION

The purpose of the OGO | spacecraft, the first of a series of
six orbiting geophysical observatories, was to conduct many
diversified geophysical experiments to obtain a better understanding
of the Earth as a planet and to develop and operate a stand-
ardized observatory-type satellite. OGO | consisted of a main
body that was parallelepiped in form, two solar panels, each with
a solar-oriented experiment package (SOEP), two orbital plane
experiment packages (OPEP), and six appendages EP-1 through
EP-6 supporting the boom experiments. One face of the main body
was designed to point toward the Earth (+z axis). and the line
connecting the two solar panels (x axis) was intended to be
perpendicular to the Earth-Sun-Spacecraft plane. The solar pianels
were able to rotate about the x axis. The OPEPs were mounted
on and could rotate about an axis that was parallel to the 7 axis
and attached to the main body. Due to a boom deployment failure
shortly after orbital injection, the spacecraft was put into a
permanent spin mode of 5 rpm about the z axis. This spin axis
remained fixed with a declination of about -10 deg and right
ascension of about 40 deg at launch. The local time of apogee
was 2100 hr. OGO 1 carried 20 experimenis. Twelve of thes
were particle studies and two were magnetic ficld studies. In addition,
there was one experiment for each of the following types of studies
-~ Interplanetary Dust, VLF, Lyman-Alpha, Gegenschein, Atmos-

pheric Mass, and Radio Astronomy. Real-time data were ~

ransmitted at 1, 8, or 64 kbs depending on the distance of the
nacecraft from the Earth. Playback data were tape recorded at }

IV. SPACECRAFT AND EXPERIMENT
TERISTICS WITH LITERATURE REFERENCES

kbs and transmitted at 64 kbs. Two wideband transmitters, one
feeding into an omnidirectional antenna and the other feeding into
a directional antenna, were used to transmit data. A special-purpose
telemetry system, feeding into either antenna, was also used to
transmit wideband data in real time only. Tracking was accomplished
by using radio beacons and a range and range-rate S-band
transponder. Because of the boom deployment failure, the best
operating mode for the data handling system was the use of one
of the wideband transmitters and the directional antenna. All
data received from the omnidirectional antenna were noisy.
During September 1964, acceptable data were received over 70
percent of the orbital path. Spacecraft operation was restricted to
spring (approximately March, April, and May) and fall (ap-
proximately September, October, and November) due to spacecraft
power supply limitations. There were |1 of these 3-month periods
prior to spacecraft turnoff on November 25, 1969, after 22,631 hr
of experiment operation. The spacecraft was then placed in a stand-by
status until November 1, 1971, at which time all OGO 1 support
was terminated.

SPACECRAFT/MISSION BIBLIOGRAPHY

Papers with major discussion of spacecraft, mission, testing,
subsystems, or ground systems prepared by NASA project or
project support personnel.

A63-10333, A63-21527, A65-14349, A65-19503,
A65-22431, A69-36674, A70-35303.

N62-15053, N64-27251, N63-21656, N65-29296,
N66-21006, N74-76913, N74-76932.
B04384-000, B08396-000.

Papers with minor discussion of spacecraft. mission, testing,
subsystems, or ground systems prepared by NASA project or
project support personnel.

N65-29783, N74-76912

Papers about spacecraft, mission, testing, subsystems, or ground
systems prepared by NASA contractor personnel.
A63-13537, A63-13629, A63-21528, A63-23249,
A64-10864, A64-11240, A64-24447, A64-27303,
A65-19528, A66-15919.
N67-22257, N69-33977, N74-74623.

EXPERIMENTS

OGO 1, Anderson

EXPERIMENT NAME ... Solar Cosmic Rays
NSSDC ID 64-054A-12
PROJECT DESIGNATION ... 4901, A-01

PERSONNEL
Pl - K.A. Anderson
University of California - Berkeley, California
Ol - G.H. Piu
University of California  Berkeley, California
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BRIEF DESCRIPTION

This instrumentation consisted of a Csl crystal surrounded by
a plastic anticoincidence shield and optically coupled to a
photomultiplier tube. The system also contained a 32-channel pulse
height analyzer. Although the principal objective of this experiment
was to measure 3- to 90-MeV solar protons, the detector had no
ability to discriminate between different kinds of particles. The
system was mounted in SOEP-1 and had a 38-deg acceptance cone
angle. Inflight calibration was provided. Counts in groups of four
channelis, accumulated over 31 /32 of the telemetry frame time (1.152.
0.144, or 0.018 sec), were read out during successive telemctry frames.
Some time before the experiment was turned on, the anticoincidence
system failed. This resulted in high background rates due to galactic
cosmic rays. Thus, the data were useful for studies of event
morphology but not for determination of absolute fluxes. Although
the detector axis was intended to point toward the Sun, a malfunction
in the OGO 1 attitude control system prevented this. Otherwise,
the experiment performed well from launch through November 25,
1969, when all experiments aboard OGO 1 were turned off.

BIBLIOGRAPHY

PM: A67-41233, A69-31967, A71-19825.
B03937-000, B03944-000.

OS: N69-34536.

OGO 1, Bohn
EXPERIMENT NAME ..........ccceeee Interplanetary Dust
Particles
NSSDC ID .....oocoviiiiecccecees 64-054A-07
PROJECT DESIGNATION ............ 4916, A-16
PERSONNEL
PI - J.L. Bohn

Temple University — Philadelphia, Pennsylvania
Ol - W.M. Alexander
Baylor University — Waco, Texas

BRIEF DESCRIPTION

This experiment was designed to measure the velocity and mass
distributions of interplanetary dust particles with diameters of the
order of I micron. The instrumentation consisted of four nearly
identical meteoroid sensors located in a container mounted on the
end of the 1.8-m EP-3 boom. Each sensor tube consisted of two
thin films (1000-A thick aluminum and aluminum oxide), a grid,
and a microphone. The sensors had openings in the plus or minus
X, +y, and - z directions. Penetration of the aluminum film by a
micrometeoroid produced a plasma cloud that was collected by
the aluminum oxide film and started a 2-MHz clock. A plasma
cloud was also produced when the micrometeoroid struck the
microphone plate. The plasma cloud was collected by the grid,
which stopped the clock and provided a measurement of the velocity
of the particle. The resulting pulse height signal from the grid
provided information on the kinetic energy and/or momentum of
the particle. The + y sensor had an apparent failure. Moreover,
the directionality of the particles could not be determined owing
1o the spin of OGO 1 and the low data sampling rate. The actual
flux was so much lower than expected that only a few micrometeoroid
events were observed.

1v-2
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BIBLIOGRAPHY

PM: A66-15266.
N67-32070.

PS:  A68-29467.

OGO 1, Bridge

EXPERIMENT NAME ....................... Plasma Probe, Faraday
Cup

NSSDC ID ..o 64-054A-14

PROJECT DESIGNATION ... 4903, A-03

PERSONNEL

Pl - H.S. Bridge

MIT - Cambridge, Massachusetts
Ol - A M. Bonetti

University of Florence — Florence, Italy
Ol - B. Rossi

MIT - Cambridge, Massachusetts
Ol - AJ. Lazarus

MIT - Cambridge, Massachusetts
Ol - F. Scherb

MIT - Cambridge, Massachusetts
OI - V. Vasyliunas

MIT - Cambridge, Massachusetts

BRIEF DESCRIPTION

Two multigrid Faraday cups were used to study the direc-
tional intensity of protons and electrons of the solar wind,
magnetosheath, and magnetotail. One single collector Faraday cup.
located in SOEP-2, was used to study electrons in four energy
windows between 125 eV and 2 keV. Currents in all four energy
windows were measured every 9.2 seconds. The detector worked
well from launch until November 25, 1969, when the spacecraft
was turned off.” Useful data were obtained. although observatory
spin complicated data reduction. One split-collector Faraday cup
was to be used to study protons but due to the unexpected spinup
of the spacecraft, the data collected were useless.

BIBLIOGRAPHY

PM: A68-17768, A68-28348, A69-19373, A71-30029.
N72-18715.

PS:  A73-33436.

OS: N70-27302.

OGO 1, Cline

EXPERIMENT NAME ... Positron Search and
Gamma Ray Spectrum

NSSDC ID oo, 64-054A-15

PROJECT DESIGNATION ............. 4904, A-04

PERSONNEL

Pl - T.L. Cline

NASA-GSFC - Greenbelt, Maryland
Ol E.W. Hones, Jr.

IDA - Washington, DC
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SPACECRAFT AND EXPERIMENT CHARACTERISTICS

BRIEF DESCRIPTION

This experiment was designed to determine whether low-
energy (0 to 3 MeV) positrons are trapped temporarilv or
permanently in the Van Allen radiation region and whether
low-energy solar and interplanetary positrons exist at the edge of
the magnetic field of the Earth. 1t was also designed to detect
gamma-ray bursts from the Sun in the e¢nergy interval from 80
keV to 1 MeV. The experimental apparatus, located in SOEP-I,
consisted of three Csl crystals surrounded by a plastic anticoincidence
shield, with the output of the whole unit being monitored by three
PMs. It was primarily designed to search for interplanetary positrons
by measuring the spectra of single or paired X-rays produced by
the stopping of a positron. In another possible mode of data
acquisition, single X-rays were monitored in one of the Csl
spectrometers with 4 T particle anticoincidence, which was virtually
X-ray transparent above 80 keV. Once every 18.5 seconds, integral
intensity measurements were made in each of the 16 energy levels
equally spaced between 80 kev' and 1 MeV, allowing for both
temporal and spectral analysis of the data. Inflight calibration of
the spectrometer was accomplished by monitoring the 51l-keV
annihilation line. The experiment did not achieve the desired
objectives, but did obtain useful data. The basic difficulties were
electrical interference and secular degradation of the response of
the PMs. No important papers were produced using the data.
The data, however, are currently (1975) being reexamined to see
if they contain any information on gamma-ray bursts that have
recently been noted in data from the Vela spacecraft.

BIBLIOGRAPHY

PM: A68-41427.
© N74-77446.

PS:  A74-30149.

OGO 1, Haddock

EXPERIMENT NAME .....
NSSDCID ..o,
PROJECT DESIGNATION
PERSONNEL
Pl - F.T. Haddock
University of Michigan — Ann Arbor, Michigan

Radio Astronomy
. 64-054A-09
4918, A-18

BRIEF DESCRIPTION

This experiment was designed to measure the dynamic radio
spectrum of solar radio noise bursts by observing frequency drift
rate, frequency bandwidth, duration of fast-drift solar bursts, cosmic
noise intensity, ionospheric electron densities (50 to 500 electrons/
cc), atmospherics, auroral noise from the Earth to spacecraft, and
radio noise generated in the terrestrial ionosphere and in in-
terplanetary plasmas. The experiment was also capable of observing
radio bursts from the planet Jupiter. The instrumentation, located
in SOEP-1, consisted of a 9-m monopole antenna and a sweep
frequency superheterodyne receiver. The receiver had automatic
repetitive tuning from 2 to 4 MHz with a 2-sec sweep period.
Automatic amplitude and frequency calibration was provided by a
crystal calibrator that provided controlled amplitude pulses at
500-kHz intervals across the 2- t0 4-MHz band. The antenna was
a rolled beryllium copper strip that extended to about 9 m in a
1.27-cm tubular configuration. It was stored in a flat shape on a
drum prior to the flight and was supposed to be deployed by a
shunt-wound motor upon ground command after launch. However,
problems were experienced with the deployment of the antenna,

ull deployment were ever received. Even though the antenna did

‘und, although a number of attempts were made, no indications of

not fully deploy, data were obtained because the experiment was
not affected by the spin of OGO 1. The data, however, were of

litle value because of the antenna problem and the high-noise
environment. The experiment has been inoperable since November
1969.

BIBLIOGRAPHY
PM: N69-31345. N74-74631.
PS:  N69-25437.

OGO 1, Hargreaves

EXPERIMENT NAME .................... Radio Propagation
NSSDCID ....ccooooocane. ... 64-054A-05
PROJECT DESIGNATION ... . 4914, A-14
PERSONNEL
PI - J.K. Hargreaves
ESSA - Boulder, Colorado
Ol - R.S. Lawrence
ESSA - Boulder, Colorado
Ol - R.B. Fritz
ESSA - Boulder, Colorado
Ol - O.K. Garriott
Stanford University — Stanford, California

BRIEF DESCRIPTION

This experiment was used to explore the exospherc by study-
ing the behavior of the columnar electron content between ground
and spacecraft as the spacecraft rose from perigee in its very
eccentric orbit. Simultaneous measurements were made of the
differential doppler frequency and the Faraday rotation angle. The
instrumentation consisted of a pair of radio beacons operating at

harmonically related frequencies (40.01 and 360.09 MHz), which

were modulated by 20- and 200-kHz signals. The 40-MHz
transmitting antenna. located on EP-2, was a simple dipole with &
gain of 2 db, while the 360-MHz antenna, located on EP-3, was u
yagi with a gain of 8 db. Signals were received at a tracking
antenna at Boulder from a maximum distance of 60,000 km. OGO
I was planned as an Earth-stabilized spacecraft, but difficulties
that appeared immcdiately after launch caused the spacecraft to
spin at a rate of about 5 rpm. This introduced a number of
unexpected complications in the interpretation and analysis of the
data. The spin-axis orientation was not precisely known. Values
of 42.5 deg in right ascension and -9 deg in inclination, suggested
by independent experiments, were used in interpreting the beacon
data, although the results did not require an accurate knowledge
of this orientation.

BIBLIOGRAPHY
PM: A68-38439.
N66-12993, N69-24521,
B18548-000.

OM: A66-10892.

OGO 1, Helliwell

EXPERIMENT NAME ... VLF Noise and
Propagution

NSSDCID ... e 64-054A-08

PROJECT DESIGNATION ... 4917, A-17
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PERSONNEL
PI - R.A. Helliwell
Stanford University — Stanford, California
Ol - J.J. Angerami
Stanford University - Stanford, California
Ol - L.H. Rorden
Stanford University — Stanford, California

BRIEF DESCRIPTION

This experiment consisted of four VLF radio receivers to be
used for study of natural VLF noise occurrences at orbital altitudes.
The receiver systems consisted of an inflatable 2.9-m loop antenna,
a preamplifier stage at the end of a long boom (EP-5), and the
receiver electronics packages in the main body of the spacecraft.
Three step-frequency receivers, covering frequency ranges of 0.2 to
1.6 kHz, 1.6 to 12.5 kHz, and 12.5 to 100 kHz. each observed a
complete spectrum of 256 signal strength values once every 2.3,
18.4, or 147.2 sec depending upon the selected mode of operation.
Observations from these three receivers were tape recorded at 1
kbs or observed in real time at 1, 8, or 64 kbs. The tape is read
out upon command at the 64-kbs rate. The other receiver is a
broadband receiver observing signals from 0.3 to 12.5 kHz. These
data were not tape recorded, but observed only in real time on
the special purpose telemetry channel. Data from the three receivers
(PCM data) were recorded for over half the time in orbit with
high bit rate usually when the spacecraft was near perigee, and
low bit rate near apogee. Broadband resolution depended upon
the rayspan spectrum analyzer used to process the tape. This
equipment can provide up to 10-msec time resolution and up to
30-Hz frequency resolution. The broadband data are available
only for relatively short portions of the spacecraft operating lifetime
since they were received only when the spacecraft was scheduled
{0 transmit in range of a telemetry station. This experiment operated
nominally during the active spacecraft lifetime.

BIBLIOGRAPHY
PM: AG68-17728, A69-25153, A69-31981, A70-15117,
A70-27183.
N67-30831, N67-37021, N70-15678, N70-33156,
N73-16344.

PS: A68-38428.
PC: N74-74765.

OS:  A68-14098, A70-30078, A70-40479, A72-21189.
B00969-000.

OGO 1, Heppner

EXPERIMENT NAME .......ccccoeee.. Magnetic Survey Using
Two Magnetometers

NSSDC ID ..., 64-054A-02

PROJECT DESIGNATION 4911, A-11

PERSONNEL

Pl - J.P. Heppner

NASA-GSFC - Greenbelt, Maryland
Ol - B.G. Ledley

NASA-GSFC - Greenbelt, Maryland
Ol -~ M. Sugiura

NASA-GSFC - Greenbelt, Maryland

Ol - R.M. Campbell
‘ NASA-GSFC - Greenbelt, Maryland

Ol T.L. Skillman
NASA-GSFC - Greenbelt, Maryland

1V-4

BRIEF DESCRIPTION

OGO | was equipped with a three-axis, dual range, fluxgate
magnetometer for measuring vector fields up to 30 and 500
gammas full-scale, and a four-cell rubidium vapor magnetometer
for measuring scalar fields of 3 to 14,000 gammas, with programmed
bias fields incorporated for vector measurements in weak fields.
The instrument was intended to measure magnetospheric, transition
region, and interplanetary magnetic fields. The sensors were located
on the EP-6 boom. At launch, boom EP-6 apparently failed to
deploy, causing the rubidium vapor magnetometer to be left in a
high-gradient field where it could not operate, and the fluxgate to
be left in a position where spacecraft fields limited its accuracy to
about three gammas. In the 1-kb mode, each fluxgate was sampled
1.7 times per sec and 8 and 64 times faster in the other modes.

BIBLIOGRAPHY
PM: A68-11011, A68-12172, A72-12084.
PS:  N70-19313.

0S:  A71-30028.

OGO 1, Konradi

EXPERIMENT NAME ... Trapped Radiation

Scintillation Counter
NSSDC ID .o 64-054A-16
PROJECT NAME ... 4905, A-05
PERSONNEL

PI - A. Konradi

NASA-GSFC - Greenbelt, Maryland
Ol - L.R. Davis

NASA-GSFC - Greenbelt, Maryland
Ol -~ R.A. Hoffman

NASA-GSFC - Greenbelt, Maryland
Ol - J.M. Williamson

NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

The objectives of this experiment were (1) to study the temporal
and spatial variations of the trapped particle intensities, pitch angle
distributions, and energy spectra of electrons (10 to 100 keV) and
protons (120 to 4500 keV), and (2) to determine particle lifetimes,
isolate processes by which trapped particles are lost, and define
the sources and accelerating mechanisms of trapped particles. The
experiment, located in OPEP-2, consisted of a filter wheel, wheel
stepping motor, phosphor scintillator, PM, electrometer, and count
rate meter. The detector had two entrance apertures for particles,
one aligned with the phototube axis and one at 90 deg to this
axis. Both protons and electrons could enter the aligned opening
and reach the phosphor. Only electrons could enter the 90-deg
opening, scatter off a gold disc. and reach the phosphor. The counting
rate in the aligned opening measured proton flux, and the current
therein measured the total energy flux of electrons, protons, etc.
The current in the 90-deg opening measured the eiectron energy
flux. Different thickness absorbers on the wheel provided spectral
information. The experiment worked until the absorber wheel
stopped on December 2, 1964, Data recorded after this date are
unusable.

BIBLIOGRAPHY - None found
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OGO 1, Mange

EXPERIMENT NAME ................ Geocoronal
Lyman-Alpha Scattering

NSSDCID .......ccccovevnvinrnen. . 64-054A-10

PROJECT DESIGNATION 4919, A-19

PERSONNEL

PI - P.W. Mange
Naval Research Laboratory — Washington, D.C.

BRIEF DESCRIPTION

The objective of this experiment was to measure the intensity
of hydrogen Lyman-Alpha radiation (1216 A) scattered by neutral
hydrogen at 5 to 20 Re. This wavelength is the fundamental
resonance line of neutral atomic hydrogen, and these intensity
measurements, therefore, provide a measure of the density of neutral
hydrogen in the hydrogen geocorona. The instrumentation consisted
of four ion chambers mounted on the anti-Earth door of OGO 1.
Each ion chamber was filled with nitric oxide gas and had lithium
fluoride windows. The ion chambers were sensitive in the 1050- to
1350-A band. The instrumentation faced the Sun steadily for more
than 4 months before viewing the Sun-free sky, causing detector
degradation. The maximum intensities observed were lower than
those measured by the OGO 3 ion chambers by a factor of more
than 30. This difference has been attributed primarily to the spurious
response of the damaged detectors to radiation belt particles. The
data obtained from the experiment were not a measure of the
Lyman-Alpha intensity because of the detector degradation.

BIBLIOGRAPHY -- None found

OGO 1, McDonald

EXPERIMENT NAME Cosmic-Ray Isotopic

Abundance
NSSDCID ..ooooovicee 64-054A-17
PROJECT DESIGNATION ... 4906, A-06
PERSONNEL
Pt - F.B. McDonald
NASA-GSFC - Greenbelt, Maryland

Ol - G.H. Ludwig
NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

To analyze the charge and e¢nergy spectra of the primary
cosmic radiation, a dE/dx vs E plastic scintillator telescope measured
ions with Z values between 1 and 8 and with energies in a
Z-dependent range (for example, for Z=1 or 2, the range was 15
10 80 MeV /nucleon, for Z =6, the range was 25 to 145 MeV /nucleon).
Puise height analysis is performed on 1, 8, or 64 events per sec.
Count rates in various telescope modes are also obtained. Three
orthogonal GM telescopes were also used to monitor protons above
28 MeV and 70 MeV. The detectors, located in the main body.
functioned normally while the spacecraft was tracked. The boom
which was folded across this experiment failed to deploy. and this
resulted in significant degradation of the experimental data. Data
were obtained from launch until November 1969, Coverage was
high during fall and spring of each year, and low during winter
and summer,

——e

BIBLIOGRAPHY

PM: A63-20022, A66-26348, A66-34847, A67-19913,
A68-41421, A68-41431, A71-18137.
B01634-000.

OGO 1, Sagalyn

EXPERIMENT NAME

Spherical Ion and
Electron Trap

NSSDC ID ......ccoviririicnceriiicenn, 64-054A-03
PROJECT DESIGNATION ............... 4912, A-12
PERSONNEL

PI - R.C. Sagalyn

AFCRL - Bedford, Massachusetts
Ol - M. Smiddy

AFCRL - Bedford, Massachusetts

BRIEF DESCRIPTION

The objective of this experiment was to measure the flux.
temperature, and energy distribution of electrons and positive ions
having energies ranging from thermal up to 1000 eV, as a
function of position (altitude, L-shell, etc.) and of time (solar and
magnetic activity). Two spherical electrostatic sensors, used as
omnidirectional plasma probes, were mounted on a short boom
(EP-1). One detector was designed for electron measurements and
consisted of two concentric spheres. The outer sphere was a grid
that allowed the ambient electrons to pass through and be collected
by the inner sphere. The second sensor, which was designed to
measure positive ions, consisted of three concentric spheres, an
outer aperture grid, an inner collecting sphere, and a suppressor
grid between them. Collector currents were measured with
electrometers. Logic circuits controlled the sequence of the
measurement operations, so that different potentials were applied
between the spheres in prescribed patterns. A complete measurement
cycle took 25.6 min. Essentially, the experiment was designed to
cycle in three major modes of operation to provide data on the
flux of charged particles, the mean particle temperatures, and the
energy distributions of the plasma particles, respectively. The output
currents from each sensor were calibrated once per experiment cycle.
The instrument operated 7251 hr and failed in September 1966.

BIBLIOGRAPHY
PM: A72-23011.
PC: N70-28003.

OGO 1, Simpson

EXPERIMENT NAME Cosmic-Ray Spectra and

Fluxes
NSSDC ID .ocoviviiviiciciiiiie e, 64-054A-18
PROJECT DESIGNATION ............ 4907, A-07
PERSONNEL
PI - J.A. Simpson
University of Chicago - Chicago, Hlinois
Ol - C.Y. Fan

University of Chicago - Chicago, lllinois
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SPACECRAFT AND EXPERIMENT CHARACTERISTICS

BRIEF DESCRIPTION

Three solid-state particle telescopes were used to measure the
intensity and energy distribution of cosmic rays. A dE/dx vs E
telescope resolved the nuclear composition of cosmic rays in the
energy range from 22 to 103 MeV/nucleon (charge resolution
ranged through Z =26, energy per nucleon intervals approximately
proportional to Z -/A). A dE/dx vs range telescope (proton-alpha
telescope) detected protons and alpha particles in the energy range
from 1.4 to 33 MeV /nucleon, and a single-clement low-energy proton
telescope (OPEP tclescope) was primarily sensitive to protons in
the energy range from 1.4 to 3.7 MeV. The composition and
proton-alpha telescopes were located in the main body and oriented
parallel to the spacecraft z axis. Pulse height information was
obtained from the composition telescope using one 256-channel
and two S12-channel pulse height analyzers. This allowed pulse
height analysis of particles in four energy intervals -- for protons
5to 11 MeV, 11 to 22 MeV, 22 to 103 MeV, and greater than
103 MeV. Pulse height information sent back from the proton-alpha
telescope allowed pulse height analysis of particles in two energy
ranges, protons 1.4 to 8.6 MeV and 8.6 to 33 MeV. This transmission
used one 256-channel pulse height analyzer, while count rate
information was sent back from all three telescopes. The time
resolution ranged from about one measurement per 0.02 sec to
about one measurement per 147 sec, depending on the counting
mode and the telemetry bit rate. The experiment was not affected
by the observatory spin, and useful data were obtained.

BIBLIOGRAPHY

PM: A66-34754, A66-34833, A67-11687, A67-27249,
A67-37412, A68-41420, A68-41434, A69-20067,
A69-20068. -

B03716-000.

OGO 1, Smith

EXPERIMENT NAME ................. Triaxial Search Coil

Magnetometer
NSSDC ID" ..o 64-054A-01
PROJECT DESIGNATION ........... 4910, A-10

PERSONNEL
Pl - EJ. Smith
NASA-JPL - Pasadena, California
Ol - R.E. Holzer
University of California — Los Angeles, California

BRIEF DESCRIPTION

The OGO 1 triaxial search coil magnetometer was designed to
measure the magnetic field fluctuations from 0.01 to 1 kHz. Due
to a spacecraft malfunction, the OGO spacecraft assumed a
spin-stabilized mode with a 12-sec period. This meant the
magnetometer output was modulated with an approximately
sinusoidal signal. providing a measure of the direct current (dc)
component of the magnetic field perpendicular to the spin axis as
well as the alternating current (ac) data. The magnetometer assembly
was on EP-5, a 6.1-m boom. and the electronics system was in the
body of the spacecraft. The sensitivity was 10 microvolts per
gamma-sec. The low-frequency channel was sampled five times every
1.152 sec by the telemetry system when the data rate was | kbs,
and proportionally faster for the higher tclemetry rates of 8 and
64 kbs. However. due to the spacecraft spin, the highest bit rate
could not be used when the spacecraft was more than 10 Rg away.
The upper frequency cutoff (to avoid aliasing in the data) was 2
Hz for the 1- and 8-kbs telemetry rates, and 130 Hz for the 64-kbs
rate.  The high-frequency channel provided spectral analysis
information for frequencies from 1 to 10 kHz in five steps. The
experiment operated satisfactorily, averaging about 4000 hr of data
per year.

1V-6

BIBLIOGRAPHY

PM: A66-23148, A67-40804. A69-36675, AT0-15127,
AT72-44857.

PS:  A68-13469.
N73-10791.

PC: N69-72494.

0S:  A70-27594, A72-21189.

OGO 1, Taylor

EXPERIMENT NAME ... Positive lon

Composition
NSSDC ID ...t 64-054A-06
PROJECT DESIGNATION .............. 49185, A-15
PERSONNEL

Pl - H.A. Taylor, Jr.

NASA-GSFC - Greenbelt, Maryland
Ol - N.W. Spencer

NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

The instrumentation for this OPEP-1 experiment consisted of
two ceramic Bennett radio-frequency mass spectrometers to
measure thermal atmospheric positive ions in the range 1 to 4°
amu. The low-range mass spectrometer measured ions witn
mass-to-charge ratios from | to 6 amu, with a resolution of 0.5
amu. The high-range mass specirometer measured ions with
mass/energy values from 7 to 45 amu, with a resolution of | i
20 amu. lon concentrations irom 5 ions to 10 ions per cc could
be measured. The time required for a complete scan of the mass
range was 64 sec, which corresponded to a spatial resolution of
about 300 km. The successful operation of the experiment provided
the first high-resolution in situ direct measurements of the positive
ion composition, from an aititude of less than 1000 km to
interplanetary space and beyond the boundary of the magneto-
sphere.

BIBLIOGRAPHY

PM: A63-12209, A66-14781, A68-19744, A68-37114,
A69-23777, A70-26568.

PS: A68-41673.
OM: A69-25153, A69-25157.

OS:  A68-37940, AT70-41087, A71-30951.
N74-74635.

OGO 1, Van Allen

EXPERIMENT NAME ... Trapped Radiation and
High-Energy Protons

NSSDC ID ..o, 64-054A-19

PROJECT DESIGNATION ... 4908, A-08
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PERSONNEL
Pi - J.A. Van Allen
University of lowa - lowa City, lowa
Ol - L.A. Frank
University of lowa - lowa City, lowa

BRIEF DESCRIPTION

This experiment was designed to detect charged particles and
measure omnidirectional intensities of outer belt electrons to
understand the origin of the belts and the fluctuations in the belts.
The detector composed of GM tubes and solid-state junction devices
was capable of measuring electrons of energies greater than 40,
150, and 1600 keV and protons of energies greater than 0.5, 3.5,
and 16 MeV. The instrumentation was located on the EP-2 boom.
The experiment was not seriously affected by observatory spin,
and useful data were obtained.

BIBLIOGRAPHY

PM: N67-31362, N67-40126, N69-12899, N74-76911.

OGO 1, Whipple

EXPERIMENT NAME ... Planar lon and Electron
Trap

NSSDCID ..o, 64-054A-04

PROJECT DESIGNATION ................ 4913, A-13

PERSONNEL
PI - E.C. Whipple
ESSA - Boulder, Colorado
Ol - B.E. Troy, Jr.
NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

This experiment was flown to measure densities and energy
distributions of thermal ions and electrons over the altitude range
from below the F-maximum region of the ionosphere to several
Rg. In addition the experiment was capable of yielding some data
concerning ion masses, fluxes and directions of quasi-energetic
particles, and the polarity and magnitude of the vehicle potential.
The sensor, locaied in OPEP-1, was an electron and ion trap that
consisted of four parallel circular plane grids in front of a
collecting plate. The current to the collector was measured by a
vibrating reed electrometer with an automatic range change for
each decade of current from 10! to 10-® amp. Four modes of
experiment operation were used, namely a low-resolution and a
high-resolution mode for both ions and electrons. In each mode,
a variable potential was applied to one grid in the trap, while the
potentials on each of the other grids and the collector were held
constant. The average time to complete a mode was between 12
and 15 sec, and the complete cycle of four modes averaged less
than 1 min. The measured current and applied varied voltages
were digitized and stored in the experiment shift register until read
out to the spacecraft telemetry system. The sensors worked, but,
because of observatory spin, the data were of very little value.
The experiment failed in December 1967.

BIBLIOGRAPHY

‘ PM: N74-74638.

PS:  A69-31976, A70-13994, A73-33436.
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OGO 1, Winckler

EXPERIMENT NAME ... Ionization Chamber
NSSDCID ...ocveeeeeee. ... 64-054A-20
PROJECT DESIGNATION 4909, A-09
PERSONNEL

PI - J.R. Winckier

University of Minnesota — Minneapolis, Minnesota
Ol - S.R. Kane

University of Minnesota — Minneapolis, Minnesota
Ol - R.L. Arnoldy

University of Minnesota — Minneapolis, Minnesota

BRIEF DESCRIPTION

This experiment, designed to measure the ionization due to
primary cosmic rays, consisted of a 17.8-cm integrating ionization
chamber with a resetting drift-type electrometer. The system was
mounted on a 1.2-m boom (EP-4) extending from the main body
of the spacecraft along the y axis. The chamber responded to
electrons and protons with energies greater than 0.6 and 12 MeV,
respectively, and to X-rays from 10 to 50 keV. The ionization
current was measured by a vacuum tube electrometer the output
of which, as a function of time, was an automatically resetting
sawtooth ramp voltage between 0 and S voits. Data were telemetered
in three independent forms through three digital words and onc
analog word, each of which was telemetered once every 1.152 sec
when the OGO system was operating at 1 kbs. The sampling ratc
linearly increased with the telemetry rate. This experiment performed
well from launch through November 25, 1969, when all experiments
aboard OGO 1 were turned off.

BIBLIOGRAPHY

PM: A65-33664, A67-25807, A67-41232, A68-22450,
A68-35480, A69-12740, A69-22182, A70-15106,
A71-18128.

N67-13710. N68-10422, N68-23026, N70-17448,
N70-17624, N72-28802, N74-18420, N74-21445,
N74-74639.

PS: A66-34768.

0S:  A69-33055, A69-34227, A70-30059, A71-27654,
A73-14962.

OGO 1, Winckler

EXPERIMENT NAME ... Electron Spectrometer
NSSDC ID e 64-054A-21
PROJECT DESIGNATION ... 4909, A-09

PERSONNEL
PI - J.R. Winckler
University of Minnesota — Minneapolis, Minnesota
Ol - K.A. Pfitzer
University of Minnesota -~ Minneapolis, Minnesota
Ol - R.L. Arnoldy
University of Minnesota - Minneapolis, Minnesota

BRIEF DESCRIPTION

The objective of this experiment was to measure the electron
energy spectrum in the radiation belts for the energy range from
50 keV to 4 MceV.  The experiment consisted of a five-channel
electron spectrometer containing an analyzing electromagnet, a
plastic scintillator crystal, a PM, and a pulse height analyzer. The
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‘SPACECRAFT AND EXPERIMENT CHARACTERISTICS

analyzing electromagnet was used to define the five energy channels.
The pulse height analyzer accepted only pulses corresponding to
the particular energy channel being sampled. In this way. the
background due to Bremsstrahlung and penetrating particles was
reduced because only those background pulses in the narrow
energy band being analyzed were counted. This system was mounted
in the main body of the spacecraft and looked out in a direction
10 deg off the spacecraft z axis, with a 15-deg acceptance cone.
Since OGO | was spin stabilized (about its z axis) shortly after
launch, the acceptance cone was effectively increased to 35 deg.
Directional measurements of electrons were made in five contiguous,
logarithmically equispaced energy channels between 50 and 4000
keV. Background particles were counted by operating the
spectrometer without the electromagnet. The system sampled the
five spectral intervals and five background intervals every 2.304
sec when the OGO | system was operating at 1 kbs. The sampling
rate increased linearly with the telemetry bit rate. Data from each
of the five channels were telemetered as one digital word. This
experiment performed well from launch through November 25, 1969,
when all experiments aboard OGO | were turned off.

BIBLIOGRAPHY
PM: A67-25807, A68-41697, A70-30090.
N67-13710, N69-19899, N70-17448, N70-17624,
N72-28802, N74-74639.
OM: N73-20842, N74-20502, N74-20503.

OS: A70-30358, A71-33948.
. N66-35685, N67-19899, N74-74636.

OGO 1, Wolie

EXPERIMENT NAME .......cccooeneee. Electrostatic Plasma
Analysis (Protons
0.1-18keV)

NSSDC ID ..ot 64-054A-13

PROJECT DESIGNATION ................ 4902, A-02

PERSONNEL

Pl - J.H. Wolfe
NASA-ARC - Moffett Field, California

BRIEF DESCRIPTION

This experiment was designed to study the positive ion
component of the solar wind plasma. Three quadrispherical
electrostatic analyzers, two looking into the orbital plane OPEP-2
and ore solar oriented SOEP-2, were to be used to detect protons
in 30 steps in the range 100 to 18,000 eV. The unintended spacecraft
spin made the data analysis very complicated. The sensors could
serve as a detector for the magnetopause and bow shock, how-
ever.

BIBLIOGRAPHY
PM: A65-25921, A65-29239.

0GO 1, Wolit

'EXPERIMENT NAME ... Gegenschein
Photometery
NSSDC ID ..o 64-054A-11

1V-8

PROJECT DESIGNATION ............. 4920, A20
PERSONNEL
Pl - C.L. Wolff
NASA-GSFC - Greenbelt, Maryland
Ol - K.L. Hallam
NASA-GSFC - Greenbelt, Maryland
Ol - S.P. Wyatt
University of Illinois - Urbana, Illinois

BRIEF DESCRIPTION

This experiment was designed to measure the amount of solar
light that is scattered by particles in space (dust, etc.) in the
neighborhood of the anti-solar point. This light contribution to
the night sky is called the gegenschein. The basic data from this
experiment were to be pictures of the sky at the antisolar point
taken by a television (TV) camera and telemetered to Earth as a
22 x 32 matrix. The experimental package, located in SOEP-2,
was a photoelectric camera that formed images of the sky in the
visible and near-visible light. The data from this assembly were
transmitted back to Earth where they were reconstructed into
pictures. Each of these pictures covered about 100 square degrees

- of sky with a resotution of 0.5 deg. The package consisted of --

(1) a four element f/1.5 objective lens, (2) a filter wheel containing
five filters that covered the range from 3000 to 7000 A, (3) an
S$-20 cathode deposited on a thin, curved window of Corning 9741
ultraviolet transmitting glass, (4) an image dissector tube named
the Star Tracker FW 143B made by the ITT Corporation, and (5)
an electronic unit that amplified and counted the current pulses
coming from the tube due to the individual photons arriving at
the photocathode. The system was designed to operate at low
light levels. Its overall quantum efficiency was of the order of 3
percent. Unfortunately, upon attaining orbit, OGO 1 went into
an uncontrolled spin. and the experiment fatied to achieve it
experimental objective. In addition, after three months in orbit.
the filter wheel refused to rotate due to an electrical failure in the
wheel drive circuit. Despite the failure to achieve the initial goals
of the experiment, an interesting study was made determining the
effects of the Van Allen belt particle fluxes on the scientific
package.

BIBLIOGRAPHY
PM: A67-12055.
PS: N64-27813.
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SPACECRAFT AND EXPERIMENT CHARACTERISTICS

0GO 2
SPACECRAFT CHARACTERISTICS

COMMON NAME ... 0GO 2

ALTERNATE NAMES (())Gg)-c. POGO 1, S 50,
: 16

NSSDC ID ......ccoviiiiiiiiccreiiee 65-081A

LAUNCH DATE .... 10/14/65
WEIGHT IN ORBIT .. ... 520 kg
LAUNCH SITE .....oooiiriiiiiiriiiiens Vandenberg AFB,
United States
LAUNCH VEHICLE ... Thrust-Augmented
Thor-Agena D
SPONSORING COUNTRY ............ United States
SPONSORING AGENCY ... NASA-OSSA
ORBIT PARAMETERS INITIAL LATER
Epoch Date .....ccoeiiviirciiiiians 10/15/65  01/27/72
Apogee (km alt) ... 1510 1272
Perigee (km alt) ... 415
Period (mMin) ...ccoovereiieircecccccineens 101.7
Inclination (deg) .....ccccevniecincneneene . v 87.4

PERSONNEL

Project Manager —
- W. E. Scull - NASA-GSFC - Greenbelt, Maryland

Project Scientist -
N. W. Spencer — NASA-GSFC - Greenbelt, Maryland

Program Manager
C. D. Ashworth - NASA Hq - Washington, D.C.

Program Scientist
R. F. Fellows - NASA Hq - Washington, D.C.

BRIEF DESCRIPTION

OGO 2 was a large observatory instrumented with 20 experi-
ments designed to make simultaneous correlative observations of
aurora and airglow emissions, energetic particles, magnetic field
variations, ionospheric properties, etc., especially over the poiar
areas. OGO 2 consisted of a main body, generally parailelepiped
in form, two rectangular solar panels, each with a solar-oriented
experiment package (SOEP), and two orbital-plane experiment
packages (OPEP). It also included six experiment packages (EP-I,
-2, -3, -4, -5 and -6) mounted on booms extending generally fore
and aft of the spacecraft along the y axis. Antenna and attitude
control fixtures also extended from separate and/or EP booms.
The main body was attitude-controlled by use of horizon scanners
and gas jets and was designed to point toward the Earth (z axis).
The axis connecting the two solar panels (x axis) was designed to
osciflate to remain perpendicular to the Earth-Sun-spacecraft plane.
The solar panels activated by sun sensors could rotate about this
X axis to obtain maximum radiation for the solar cells and
concurrently orient the SOEP properly. The OPEPs were reoriented
on either end of an axis that was parailel to the z axis and attached
to the forward end of the main body. These OPEP sensors normally
were maintained looking forward in the orbital plane of the satellite.
To maintain this orientation, the OPEP axis could rotate over a
90-deg region. In addition, an angular difference of over 9C deg
was possible between the orientation of the upper and lower OPEP
packages. The SOEP contained four experiments, and the OPEP
contained five experiments. Newton's particie experiment failed
on launch, and Kreplin's solar X-ray experiment failed shorily
thereafter. Soon after achieving orbit. difficulties in maintaining
carth lock with horizon scanners caused exhaustion of attitude
control gas by October 23, 1965, 10 days after faunch. At this
time, the spacecraft entered a spin mode (about 0.11 rpm) with a
large coning angle about the previously vertical axis. Five
experiments became useless when the satellite went into this spin

mode. Six additional experiments were degraded by this loss of
attitude control. By April 1966, both batteries had failed, so
subsequent observations were limited to sunlit portions of the orbit.
By December 1966, only eight experiments were operational, five
of which were not degraded by the spin mode operation. By
April 1967, the tape recorders had malfunctioned and only one
third of the recorded data could be processed. Spacecraft power
and periods of operational scheduling conflicts created six large
data gaps, so that data were observed on a total of about 306
days of the two-year 18-day total span of observed satellite data
to November 1, 1967. The data gaps were -- (a) October 24,
1965, to November 5, 1965, (b) December 6, 1965, to January 7,
1966, (c) April 9, 1966, to June 21, 1966, (d) September 2, 1966,
to November 18, 1966, (¢) December 27, 1966, to April 11, 1967,
and (f) May 9, 1967 to September 19, 1967. The spacecraft was
shut down on November 1, 1967, with eight experiments still
operational. It was reactivated for two weeks in February 1968
to operate Experiment C-O6 (J. Cain). The spacecraft was kept
in a stand-by status until November 1, 1971, at which time OGO 2
operations were completely terminated.

SPACECRAFT/MISSION BIBLIOGRAPHY

Papers with major discussion of spacecraft, mission, testing,
subsystems, or ground systems prepared by NASA project or
project support personnel.

A63-10333, A63-21527, A65-14349, A69-36674,
A70-35303.
N64-23517, N65-18269, N74-76913, N74-76932.

Papers with minor discussion of spacecraft, mission, testing,
subsystems, or ground systems prepared by NASA project or
project support personnel.

N67-18763.

Papers about spacecraft, mission, testing, subsystems, or ground
systems prepared by NASA contractor personnel.
A63-13537, A63-13629, A63-21528, A64-10864,
A65-19528.
N64-13388. N74-74623, N74-74661.
B00570-000.

EXPERIMENTS

OGO 2, Anderson

EXPERIMENT NAME ................. Cosmic-Ray lonization
NSSDC ID ... 65-081A-06
PROJECT DESIGNATION 5007, C-07

PERSONNEL
Pl - H.R. Anderson
Rice University - Houston, Texas
Ol - V.H. Neher
Cal Tech - Pasadena, California

BRIEF DESCRIPTION

This experiment was designed to measure cosmic-ray and solar
flare particle intensinies (protons above 10 MeV, electrons above
0.5 McV) using an won chamber. The ion chamber was mounted
at the end of spacecraft boom EP-1, about 2.5 m from the main
body of the spacecraft. Because the ion chamber had omnidirec-
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SPACECRAFT AND EXPERIMENT CHARACTERISTICS

.tional sensitivity, except for negligible shadowing by the space-

craft, the slow rolling of the spacecraft did not adversely affect
the instrument. The experiment operated normally from October
14, 1965, to April 2, 1966.

BIBLIOGRAPHY
PM: A68-43450, A69-28950, A69-31967, A70-31902,
A70-31903.
N74-74624, N74-76923.

PS:  N69-34536.

OGO 2, Barth

EXPERIMENT NAME ....................... UV Spectrometer,

1100-3400A
NSSDCID ..o 65-081A-12
PROJECT DESIGNATION 5014, C-14
PERSONNEL

Pl - C.A. Barth

University of Colorado - Boulder, Colorado
Ol - L.J. Wallace

Kitt Peak National Observatory - Tucson, Arizona
Ol - E.F. Mackey

Packard-Bell - Newbury Park, California

BRIEF DESCRIPTION

The purpose of this experiment was to measure the Earth’s
ultraviolet spectra caused by the aurora, dayglow, twilight glow,
and nightglow. The experiment objectives included measurements
of the atomic hydrogen Lyman-Alpha 1216-A airglow on both the
day and night sides of the Earth, the atomic oxygen 1304-A dayglow
and twilight glow, and the emission features of the ultraviolet aurora.
These measurements, obtained as a function of location and time,
were 1o be correlated with other appropriate data. The instrumenta-
tion consisted of an Ebert-Fastie scanning spectrometer and an
electronic subsystem located in the main body. The spectral region
of measurement, from 1100 to 3400 A, was scanned with a resolution
of 20 A. This experiment did not achieve the desired objectives,
as the satellite was not properly stabilized. Little good data were
received, and the experiment operated only 499 hrs,

BIBLIOGRAPHY
 0S: N69-18074.

OGO 2, Cain

EXPERIMENT NAME .......cccoeeeenne. Magnetic Survey,

Rubidium Vapor

Magnetometer
NSSDC ID ....occooooviicceiee 65-081A-05
PROJECT DESIGNATION ... .. 5006, C-06
PERSONNEL

Pl - J.C. Cain

R.A. Langel
NASA GSFC - Greenbelt, Maryland

‘ ol NASA-GSFC - Greenbelt, Maryland

1V-10

BRIEF DESCRIPTION

The primary objectives of this experiment were to refine the
then available analytical description of the main geomagnetic field
(as part of the U.S. contribution to the World Magnetic Survey)
and to measure the secular change in the main field. The detector
system, located in EP-6, consisted of two dual-cell, optically pumped,
self-oscillating, rubidium-85 vapor magnetometers. The oscillation
frequency of the system was directly proportional to the magnitude
of the ambient magnetic field. This frequency was counted by
two electronic scalers for aiternate half-seconds. The oscillation
frequency of the magnetometer was also transmitted in real time
on one channel of the spacecraft’s special-purpose telemeter to
provide information on field fluctuations. This magnetometer system
made scalar measurements over a range from 15,000 to 64,000
gammas, and had an accuracy of 0.5 to 1.5 gammas over this
range. In spite of the spacecraft attitude control system problems,
the magnetometer functioned well. The instrument operation was
nominal for the first six months of the satellite lifetime, after which
a failure of one scaler power supply caused the loss of the special
purpose telemetry signal and half of the digital data. The reduction
in the scientific usefulness of the data received from the remaining
scaler was minor, however, because of the redundancies built into
the system. The rest of the data from the magnetometer were
obtained with the remaining scaler until May 1967, and then in
the interval from September 19 to October 2, 1967, during which
time data collection was very intermittent.

BIBLIOGRAPHY

PM: A67-23244, A67-36513, A67-36901, A68-26625,
A68-42083, A69-11125, A69-37490, A69-42428,
A70-39349, A71-29903, A71-33946, A72-12081,
A74-34019.

N67-30147, N67-37398, N71-32190, N74-13566,
N74-17058.

PS:  A73-41374.
N64-27355, N72-23341, N74-20982.

OGO 2, Donley

EXPERIMENT NAME ... Positive Ton Study
NSSDCID .....ccccciiiiiiiiiiceee, 65-081A-19
PROJECT DESIGNATION ............ 5019, C-19
PERSONNEL

Pl - J.L. Donley

NASA-GSFC - Greenbelt, Maryland
Ol - R.E. Bourdeau

NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

This instrument was a planar retarding potential analyzer
designed to measure ion composition and density and temperature
of electrons and ions. The sensor, located in OPEP-1, consisted of
three grids and a collector. Voltage-versus-current profiles could
be obtained by means of controlled voltages and voltage sweeps
on the grids. From these profiles, density, temperature, and
composition data could be calculated. The instrument was designed
so that the aperture grid faced in the direction of spacecraft motion.
Due to the failure of the three-axis stabilization system ten days
after launch, the instrument could not be oriented properly. The
subsequent data obtained were not scientifically useful.

BIBLIOGRAPHY - None found
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OGO 2, Haddock

EXPERIMENT NAME ... Radio Astronomy
NSSDC ID ..ot 65-081A-01
PROJECT DESIGNATION .............. 5001, C-01
PERSONNEL

Pl - F.T. Haddock
University of Michigan - Ann Arbor, Michigan

BRIEF DESCRIPTION

The purpose of this experiment was to map the brightness
temperature of the sky at a frequency of 2.5 MHz, using an 18-m
monopole antenna and depending upon ionospheric focusing to
achieve angular resolution. The experiment, located in SOEP-1,
included a two-channel radiometer (2.0 and 2.5 MHz) and an
impedance probe operating at 2.5 MHz. No mapping information
could be obtained from this experiment due to the high noise level,
the failure of the spacecraft to stabilize, and the high orbit of the
satellite. It was possible to utilize the resulting data for a study
of the wake produced by the spacecraft as it moved through the
ionosphere (see experiment 65-081A-21).

BIBLIOGRAPHY

PM: A71-26144.
© N69-14393, N70-23999.

PS:  N69-25437.

OGO 2, Haddock

EXPERIMENT NAME ... Electron Density

Measurements
NSSDCID ... 65-081A-21
PROJECT DESIGNATION ... 5001, C-01
PERSONNEL

PI - F.T. Haddock
University of Michigan - Ann Arbor, Michigan
Ol - H. Weil
. Naval Research Laboratory — Washington, D.C.
Ol - R.G. York
Naval Research Laboratory — Washington, D.C.

BRIEF DESCRIPTION

The purpose of this experiment was to obtain a model of the
variations of electron density distribution around a satellite as it
travelled through the ionosphere. The reliable identification of a
wake could be used for attitude determination of the satellite. This
experiment was a by-product of a radio astronomy experiment
(65-081A-01). This wake-probing aspect of the experiment was
not planned. In fact, it was made possible only by a failure of
the spacecraft stabilization system to maintain the planned three-uxis
stabilization. The ionospheric probe was an 18-m monopole antenna,
located on SOEP-1. A 2.5-MHz impedance bridge measured the
antenna impedance on a time-sharing basis, taking samples every
0.288 sec at the slowest data rate. Since the spacecraft spin axis
was roughly perpendicular to the satellite orbit plane, an electron
density minimum could be determined once each spin cycle
(approximately four min). The measurement of the anterna
impedance therefore indicated the ambient electron density of the
wake to be less than that of a relatively unperturbed ionosphere.
The data yielded by this experiment were excellent. )

SPACECRAFT AND EXPERIMENT CHARACTERISTICS-

BIBLIOGRAPHY

PM: A70-35771, A73-34783.
N70-23999.

OGO 2, Helliwell

EXPERIMENT NAME .................... VLF Noise and
Propagation
NSSDC ID ..o 65-081A-02
PROJECT DESIGNATION 5002, C-02
PERSONNEL .

Pl - R.A. Helliwell

Stanford University -- Stanford, California
Ol - L.H. Rorden

Stanford University - Stanford, California
Ol — J.J. Angerami

Stanford University - Stanford, California

BRIEF DESCRIPTION

This experiment consisted of five VLF radio receivers that studied
natural and man-made VLF noise occurrences at orbital altitude-.
The receiver systems consisted of an inflatable 2.9-m loop antenn::.
a preamplifier stage at the end of a long boom (EP-5), and .
receiver electronics package in the main body of the satellite. Thre:
step-frequency receivers covered frequency ranges from 0.2 to L.t.
1.6 to 12.5, and 12.5 to 100 kHz. Observations from these thre:
receivers were tape recorded, and the tape was read out upon
command. The fourth receiver was tunable between 14.4 and 26.3
kHz. and the data were recorded and transmitted in the same way
as the data from the three step-frequency receivers. The fifth receiver
was a broadband receiver operating between 0.3 and 12.5 kHz.
These data were not tape recorded, but were observed only in real
time on the special-purpose telemetry channel. Data from the
narrowband receivers were obtained intermittently for about
one-third of the approximately 2 years of spacecraft operation.
The wideband data observations covered only a very small portion
of the satellite lifetime, due to the limitation of real time operation
only and difficulties cxperienced with spacecraft power. This
experiment operated for seven 1-to-2 month periods. beginning
respectively on October 17, 1965, January 17, 1966, March 15,
1966, June 21, 1966, November 18, 1966, April 11, 1967, and
September 2, 1967. This experiment operated for a tota!l of 6,748
hours.

BIBLIOGRAPHY

PM: A68-19752, A68-31481, A69-14029, A69-28958,
A69-34939, A70-15116, A70-29924, A71-31757.
N67-30831, N70-15525, N70-32928.
B01263-000.

PS:  A68-37940.

PC: N74-74765.

OS:  A69-11125, A69-38495, A70-30078, A72-21189.
B00969-000.
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OGO 2, Hinteregger

EXPERIMENT NAME ... Solar UV Emissions

NSSDC ID ..ot 65-081A-17
PROJECT DESIGNATION .............. 5020, C-20
PERSONNEL

PI - H.E. Hinteregger

AFCRL - Bedford, Massachusetts
Ol - D.E. Bedo

AFCRL - Bedford, Massachusetts

BRIEF DESCRIPTION

This experiment was designed to measure solar photon flux as
a function of wavelength between 170 and 1700 A. The experi-
ment was located on SOEP-2, a solar-oriented panel on the
spacecraft. Solar radiation entered the experiment package through
an aperture equipped with a set of electrically charged grids to
reject charged particles. Then the radiation illuminated a stack of
six small gratings and was diffracted onto six photocathodes.
These photocathodes were located in two PMs (two per PM). By
electronic discrimination, only one photocathode was used at any
given time in each PM. The gratings were all illuminated at the
same angle of incidence, and were stepped through the spectral
range in 512 intervals every seven minutes during normal operation.
An aiternative mode provided for a short scan of 32 steps, beginning
at any of 16 different points in the S12-step scan. This experiment
failed to yield any useful scientific data due to the failure of the
spacecraft to orient properly. It provided useful engineering data
and was operational for over two years in space.

BIBLIOGRAPHY

PM: A66-27326.
N65-29678.

PC:  N65-14504.

OGO 2, Hoffman

EXPERIMENT NAME ... Scintillation Detector
NSSDC ID 65-081A-09
PROJECT DESIGNATION ........... 5011, C-11

PERSONNEL
P! - R.A. Hoffman
NASA-GSFC - Greenbeit, Maryland

BRIEF DESCRIPTION

This experiment was designed to study fluctuations in the trapped
radiation by measuring low-energy trapped radiation and auroral
particles. Two scintillator/PMs located on EP-2 were designed to
observe electrons between 10 and 100 keV and protons between
100 keV and 4.5 MeV. One scintillator was intended to point
radially away from the Farth. The other scintiliator was to have
looked at 90 deg to this. One of the two photomultiplier tubes
lost three orders of magnitude gain when turned on after launch.
This, coupled with the failure of the attitude control system, made
the data from the remaining detector worthless. The detector failed
on October 14, 1965. No useful data were obtained from this
experiment. ‘

BIBLIOGRAPHY - None found
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OGO 2, Jones

EXPERIMENT NAME ... Neutral Particle and Ion
Composition

NSSDC ID ..o, 65-081A-13

PROJECT DESIGNATION ............. 5015, C-15

PERSONNEL

Pl - L.M. Jones

University of Michigan — Ann Arbor, Michigan
OI - R.J. Leite

University of Michigan — Ann Arbor, Michigan

BRIEF DESCRIPTION .

A quadrupole mass spectrometer, located in OPEP-2, was
used to measure neutral particle and positive ion composition in
the mass range from 1 to 44 amu, between 300 and 900 km. The
mass range was swept six times at six different sensitivity levels,
with a seventh sweep devoted to calibration, for both the ion and
neutral samples. Each sweep had a 6-sec duration, and in' this
time the mass scale was swept from approximately 50 to 0 amu in
a spectral mode and approximately 40 to 0 amu in an integral
mode. Therefore, a full cycle of operation required 14 sweeps
and 84 sec. The experiment failed to achieve the desired objective
due to spacecraft problems, mainly loss of attitude control. The
data obtained were of little value, but they did indicate that the
spacecraft expelled large amounts of water vapor over an ex-
tended period of time. A failure in the command distribution
unit of the spacecraft, which supplied electrical power to the
spectrometer, prevented activation of the experiment after Apnl
11, 1966.

BIBLIOGRAPHY
PM: N70-14425, N74-77537.

OGO 2, Kreplin

EXPERIMENT NAME ... Solar X-ray Emissions
NSSDC ID 65-081A-16
PROJECT DESIGNATION .......... 5021, C-21

PERSONNEL
Pl - R.W. Kreplin
Naval Research Laboratory — Washington, D.C.
Ol - T.A. Chubb
Naval Research Laboratory - Washington, D.C.
Ol - H.D. Friedman
Naval Research Laboratory — Washington, D.C.

BRIEF DESCRIPTION

This experiment utilized four ion chambers to observe broadband
solar emissions in the wavelength ranges of 0.5 to 3 A, 2 to 8 A,
8 10 16 A, and 44 to 60 A, which play an important role in the
formation of the D- and E regions of the ionosphere. To minimize
contamination from charged particles, the field of view of each
ion chamber was limited to 0.1 steradian, and the experiment package
was located on SOEP-2. The instrument cycled each detector through
a zero-current calibration check once euch 640 sec. Each detector
except the 44 to 60 A one incorporated automatic range changing
to avoid saturation. However, this feature could be overridden by
a command from the ground. - The experiment failed in November
19635, a month after launch.

BIBLIOGRAPHY - None found
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OGO 2, Mange

EXPERIMENT NAME ...t Lyman-Alpha and UV

Airglow Study
NSSDC ID ..cocoiiiiiiiiiecnicee e 65-081A-11
PROJECT DESIGNATION ............ 5013, C-13
PERSONNEL

Pl - P.W. Mange
Naval Research Laboratory - Washington, DC

BRIEF DESCRIPTION

There were two parts to this experiment -- A Far-UV
Experiment (1230-1350 A) and a Lyman-Alpha Experiment
(1050-1350 A). The sensors, located on the main body, were UV
ion chambers. The Far-UV Experiment yiclded information about
the rate at which energy is absorbed. The Lyman-Alpha Glow
Experiment measured Lyman-Alpha radiation from the direction
of the Earth and from space. The sensors functioned properly,
but the spacecraft spin made the data useless.

BIBLIOGRAPHY - None found

OGO 2, Morgan

EXPERIMENT NAME ... Whistler and
. Audio-Frequency
Electromagnetic Waves
NSSDC ID ..o 65-081A-03
PROJECT DESIGNATION ... 5003, C-03
PERSONNEL

Pl - M.G. Morgan
Dartmouth College - Hanover, New Hampshire

BRIEF DESCRIPTION

This experiment was designed to study ionospheric effects on
whistler-mode waves and on propagation of whistlers in the 0.5-
to 18-kHz band. It consisted of a dipole clectric carpenter-tape
antenna, located on EP-1, which was extendable to 3 m. This
antenna fed a wideband receiver with a 60-db dynamic range.
Receiver gain was controlled from the ground and operated in
four ranges. Receiver gain stepped down 15 db in each sequence
step. The resulting data were records of noise frequency versus
time, which could be played for aural review or processed into
sonograms for visual study. [t is doubtful that the antenna was
completely extended. Probable extension was only 2.5 m.
Adjustments required as a result of prelaunch spacecraft testing
resulted in the antenna extending closer to the SOEP than desirable.
Interference difficulties were also encountered from the 400-Hz power
supply used in the attitude control system. Unknown and variable
amounts of signal loss occurred due to the spacecraft plasma sheath
and prevented reliable measurement of signal intensity. This
experiment operated for nearly 5624 hr before the spacecraft
operation was terminated.

BIBLIOGRAPHY

PM: A69-16257.
N69-17928.

OM: N67-30831.

OS:  A72-21189.
B00969-000.

SPACECRAFT AND EXPERIMENT CHARACTERISTICS

OGO 2, Newton

EXPERIMENT NAME ... Neutral Particle Study
NSSDC ID ...oooiviiiciiiciiiciiicireie e, 65-081A-20
PROJECT DESIGNATION ... 5017, C-17
PERSONNEL

PI - G.P. Newton
NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

The purpose of this experiment was to measure the neutral
particle density and temperature along the OGO 2 orbit. The
instrumentation, located in OPEP-2, contained a Bayard-Alpert
ionization gauge, which consisted of a gridded tube open to the
neutral atmosphere. The experiment failed immediately after launch,
when the breakaway device, which should have opened the sensor

.10 the space environment, could not be deployed. The reason for

failure could not be uniquely established. It was believed to be a
deficiency in the spacecraft/experiment wiring.

BIBLIOGRAPHY - None found

0GO 2, Nilsson

EXPERIMENT NAME ... Interplanetary Dust

Particles ’
NSSDC ID oo 65-081A-14
PROJECT DESIGNATION ... 5018, C-18
PERSONNEL

Pl - C.S. Nilsson

SAO - Cambridge, Massachusetts
Ol - D. Wilson

SAO - Cambridge, Massachusetts

BRIEF DESCRIPTION

Four thin-film capacitor micrometeorite detectors were carried
aboard OGO 2 to obtain measurements of the velocities, masses,
and orbits of dust particles in the Earth’s dust cloud. The detectors,
located on EP-3, were circular tubes, 2.5 cm in diameter and 10
cm long, each containing three sensors -- two thin-film capacitors
and a microphone crystal. The front sensor consisted of two 500-A
layers of aluminum oxide, each coated front and back with 500 A
of aluminum. The rear sensor was a l-micron silicon oxide layer,
coated front and back with 1000 A of aluminum and deposited
on a glass disk. The third sensor was a lead zirconate crystal
transducer that was bonded to the rear of each glass disk. A
particle that passed through the front sensor would give rise to a
small plasma pulse, which was detected and used to start an oscillator
that measured the time of flight down the tube. After traversing
the length of the tube, the particle would impact destructively on
the rear capacitor sensor, producing another plasma pulse which
was used to stop the time-of-flight oscillator and provide the
particle’s velocity. The impulse imparted to the glass disk by the
particle impact provided information on the momentum of the
particle. A reasonable mass threshold for both thin-film capacitor
sensors was estimated to be 10°!2 grams. Three of the four tubes
were pointed in mutually orthogonal directions. One of the
detectors was shielded from particle impacts to serve as a control
against electrical interference. The only sensor to fail was the
rear capacitor on the shielded detector. The experiment heater
failed after | week of operation, introducing numerous false
counts into the transducer data output due to the transducer-noise
temperature dependence.  Electrical interference arising from
commands sent to the spacecraft caused the rear capacitor sensor
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SPACECRAFT AND EXPERIMENT CHARACTERISTICS

data to contain many false counts. In 1370 hr of data. only two
possible micrometeoroid impacts were found. However, the flux
rate determined from these data compared favorably with flux rates
obtained from experiments on earlier spacecraft,

BIBLIOGRAPHY

PM: A66-41213, A68-35397, A70-10444.
N69-23367.

PS: A68-29467.

OGO 2, Reed

EXPERIMENT NAME Airglow and Auroral

Study
NSSDC ID ....cooviiiiiieeeereee 65-081A-10
PROJECT DESIGNATION ............ 5012, C-12
PERSONNEL
PI - E.L. Reed

NASA-GSFC - Greenbeit, Maryland
Ol - J.E. Blamont
CNES - Bretigny, France

BRIEF DESCRIPTION

The objective of this experiment was to study airglow and auroral
activity by obtaining photometric measurements at the following
wavelengths (Angstroms): 2630 (E-region airglow -- Herzberg
molecular oxygen emission, and aurora -- Vegard-Kaplan molecular
nitrogen emission):; 3914 (visible aurora -- molecular nitrogen ion
emission); 5577 (airglow and aurora -- green atomic oxygen
emission); 5890 (E-region airglow -- yellow sodium emission); 6225
(E-region airglow -- red hydroxyl emission); and 6300 (F-region
airglow -- red atomic oxygen emission). The photometers were
mounted in the main body and in OPEP-1. All of the above spectral
lines were sensed by the main-body photometer oriented in the
Earth’s direction. The 6300-A line was also observed in the anti-Earth
direction and by the OPEP photometer. In the main-body
photometer, the incident light was alternately directed through six
filters corresponding to the six wavelengths by an automatic stepping
mirror system. The mirrors could be commanded to remain in
any of the spectral positions for a more comprehensive study of
the distribution of a particular line. The field of view of the main
body spectrometer had a half-angle of slightly less than 5 deg.
The field of view of the OPEP spectrometer was 1/2 deg in height
and 6 deg in width. A mirror scan system moved the center of
the OPEP field of view from horizontal to 30 deg below horizontal
in 1/2-deg steps. The time required to scan across these 30 deg
was 34.7 sec, a time interval in which the spacecraft moved
approximately 250 km. When one scan was completed, the
motion reversed direction and a new scan started at the same rate.
Every 200 sec, there was an 8-sec calibration cycle. The instruments
performed satisfactorily, but the scientific objectives could not be
achieved due to the failure of the spacecraft attitude system.

BIBLIOGRAPHY

PM: A67-23278.
N67-27576. N67-27578, N72-27423.

PS:  N69-18074.
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OGO 2, Simpson

EXPERIMENT NAME

Low-Energy Proton,
Alpha Particle

Measurement
NSSDC ID ..o 65-081A-07
PROJECT DESIGNATION ... 5008, C-08
PERSONNEL

PI - J.A. Simpson

University of Chicago — Chicago, 1llinois
Ol - E.C. Stone

University of Chicago - Chicago, Illinois
Ol - C.Y. Fan

University of Chicago — Chicago, lllinois

BRIEF DESCRIPTION

Two solid-state particle telescopes, located in the main body,
were used to study low-energy cosmic-ray protons and alpha
particles. One of these detectors was a three-element range
telescope (‘vertical’) that was capable of identifying two energy
ranges of protons and alpha particles (1.22 to 39.2 and 9.32 to
39.2 MeV/nucleon) and electrons (energy greater than 400 keV
and 700 keV). The other detector was a one-element telescope
(‘horizontal’) sensitive to protons and alpha particles in the energy
range from 0.72 to about 11 MeV /nucleon. The vertical telescope
axis of symmetry was parallel to the spacecraft z axis, which later
unintentionally became the spin axis. The horizontal telescope
symmetry axis was nearly paraliel to the spacecraft y axis
(perpendicular to the z axis). Pulse height information was sent
back from the vertical telescope, allowing pulse height analyses of
protons (energies from 1.22 to 39.2 MeV), alpha particles (ener-
gies from 4.88 1o 156.8 MeV), and electrons (energy greater than
400 keV) using a 256-channel pulse height analyzer. Count rats
information was sent back from both telescopes. The experiment
was performing normally at the time the spacecraft systems were
deactivated (November 1, 1967). However, the spinning of the
spacecraft caused difficulty in interpreting the data after October
23, 1965.

BIBLIOGRAPHY
OS:  N69-34536.

OGO 2, Smith

EXPERIMENT NAME Triaxial Search-Coil

Magnetometer
NSSDC ID ..o 65-081A-04
PROJECT DESIGNATION ............. 5005, C-05
PERSONNEL
PI - E.J. Smith

NASA-JPL - Pasadena, California
Ol - R.E. Holzer
University of California — Los Angeles, California

BRIEF DESCRIPTION

This experiment was used to study the ELF range of magnetic
fluctuations of the Earth's magnetic field. The search coil sensor
consisted of a coil of 100,000 turns of wire, wound around a
nickel-steel-laminated core. The coil sensitivity was approximately
10 microvolt-sec per gamma. A low-noise preamplifier with a
gain of 100 was mounted on an auxiliary housing near the search
coil. The three orthogonal sensors and their associated preamplifi-
ers were mounted at the end of the EP-5 six-m boom to reduce
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SPACECRAFT AND EXPERIMENT CHARACTERISTICS

interference from spacecraft-generated fields. Magnetic-ficld
fluctuation measurements were made in the frequency range from
below 0.01 Hz to above 1000 Hz. The signals were divided into a
high-frequency and a low-frequency channel, which overlapped near
the center of the five-decade frequency band. The low-frequency
wave forms were digitized and telemetered. The high-frequency
information was obtained continuously by using an on-board
low-resolution spectrum analyzer consisting of five comb filters
centered at 10, 32, 100, 320 and 800 Hz. The high-frequency
wave forms were also telemetered (on a part-time basis) in anaiog
form for subsequent high-resolution, ground-based processing.
Spacecraft spin made the data obtained very poor in quality. The
experiment was turned off after operating for 5518 hr.

BIBLIOGRAPHY
PM: A69-36675.
PC: B21207-000.
OS: A72-21189.

OGO 2, Taylor

EXPERIMENT NAME ... Positive lon

Composition
NSSDC ID ..ot 65-081A-15
PROJECT DESIGNATION ............ 5016, C-16
PERSONNEL

PI - H.A. Taylor, Jr.

NASA-GSFC - Greenbelt, Maryland
Ol - N.W. Spencer

NASA-GSFC - Greenbelt, Maryland

BRIEF DESCRIPTION

A ceramic Bennett radio-frequency ion mass spectrometer
tube, located in OPEP-1. was used to measure thermal atmospheric
ions having mass-to-charge values from 1 to 45 amu, with a mass
resolution of approximately 1 in 20 amu. Concentrations from
1.0 to 10 ®ions per cc were measured. The time between consecutive
samples of each ion detected, i.e., the spectral sweep rate, was
25.6 sec. This time interval corresponded to a spatial resolution
of from 175 to 200 km along the orbit path, or to 1.5 deg in
latitude. Mean ion mass and total ion concentration were also
calculated. The experiment provided useful data for about one
year. It failed on October 18, 1967.

BIBLIOGRAPHY

PM: A68-37114, A68-41673, A69-31326, A69-34939,
AT71-33762, A73-11904, A73-15533.

PS:  A68-38423, A71-30037.
OS: A72-10361.

OGO 2, Van Allen

. EXPERIMENT NAME ..o, Corpuscular Radiation

Experiment
NSSDC ID ... 65-081A-18
................ 5010, C-10

PERSONNEL

Pl - J.A. Van Allen

University of lowa - Iowa City, lowa
Ol - L.A. Frank

University of lowa - lowa City, lowa
Ol - S.M. Krimigis

University of lowa - Towa City, lowa
Ol - T.P. Armstrong

University of lowa - lowa City, lowa

BRIEF DESCRIPTION

This experiment was to study the precipitation of low-energy
particles (75 to 75.000 eV) at high latitudes, including solar cosmic
rays and geomagnetically trapped particles. The experiment used
a cylindrical electrostatic analyzer and surface barrier silicon
detectors located in EP-4. The experiment was operating normally
when the spacecraft was shut down on November 1, 1967,

BIBLIOGRAPHY
PM: N69-20849, N74-76909.

OGO 2, Webber

EXPERIMENT NAME ................... Galactic and Solar

} Cosmic Ray
NSSDC ID ..o 65-081A-08
PROJECT DESIGNATION ... 5009, C-09
PERSONNEL

Pl - W.R. Webber
University of Minnesota — Minneapolis, Minnesota

BRIEF DESCRIPTION

The Cosmic-Ray Telescope Experiment was designed tv
measure the differential energy spectra of protons, helium nuclei